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ABSTRACT

Carr, Ronald L., Ph.D., Purdue University, December 2013. Educational
Standards, Teacher Preparation, and Metacognition Instruction for Elementary
Students: Studies in Pre-College Engineering Education. Major Professor:
Johannes Strobel.

This dissertation is a compilation of three separate works representing a wide
range of issues related to pre-college engineering. Each work addresses multiple
levels of concern for educators from national policy to specific classroom
intervention. Although presenting different styles of writing – due to different
journals requirements – and various methods of research, all purpose to further
research and instruction in pre-college engineering.
The research detailed in these papers has been inspired by the current
STEM (science, technology, engineering, and mathematics) education
movement and in particular, by the National Academy of Engineering’s
leadership in promoting the integration of engineering into pre-college
classrooms (National Research Council, 2010, 2011). Combining the three
studies into one dissertation provides a broad view of pre-college engineering
and demonstrates the diversity of relevant methodological approaches. It also
demonstrates the importance of looking at education as a complex system of
people, policies, and curricula when putting research into practice. Primarily, the

xv
research and practice of instructional design depends on a cycle of design,
teaching, and evaluation. The three pieces of this work represent each of these
phases.
Chapter 1 provides: a) discussion of how these studies connect to
demonstrate instructional design and research competencies under the shared
context of pre-college engineering, and b) an overview of each study. Chapter 2,
“Engineering in the K-12 STEM Standards of the 50 U.S. States: An Analysis of
Presence and Extent” (Carr, Bennett, & Strobel, 2012), was published in the July
2012 issue of The Journal of Engineering Education, the premier peer-reviewed
international journal devoted to research on engineering education at all levels.
The content analysis of educational standards from all 50 U.S. states found
engineering in the standards of 41 states, and analysis of those standards
resulted in a list of “Big Ideas” of doing engineering in the pre-college classroom.
Chapter 3, “A Design Case: Design and Integration of Engineering Curriculum for
Secondary Teachers and Researchers”, is in journal-ready format for a journal
that exclusively features instructional design cases. The case follows the design
process of graduate level course from the start of the project through two
iterations and details the challenges, struggles, and decisions made to overcome
them. The implementation outcomes showed improvement through the iterations
and has provided the foundation for other professional development and teacher
preparation courses. Chapter 4, “Design and Study of MCinEDP: Metacognition
for Reflective Design in Pre-College Engineering,” is an evaluation study and
design case of instruction designed for elementary school students participating

xvi
in engineering design activities. The results of the evaluation and analysis of the
implementation inform further modifications of the intervention and encourage
further research. To conclude, Chapter 5 summarizes the outcomes of the
studies and their effects on the author and his place in the research community.

1

CHAPTER 1. INTRODUCTION

1.1

Context: Pre-College Engineering

The nation’s most-recent movement to improve science, technology,
engineering, and mathematics (STEM) instruction at the pre-college level has
evolved and expanded since it became a focal point of education policy in the
mid-1990s. Initially, a response to the challenge of remaining economically
competitive in the global marketplace framed the movement (National Research
Council [NRC], 2009). However, over the intervening period, science and math
have taken prominence while engineering has often been treated as the least
important part of STEM education (Brophy, Klein, Portsmore, & Rogers, 2008;
Rockland & Bloom, 2010). In response, the engineering education community
has more recently promoted engineering as a key component of STEM by
emphasizing the utility of design (NRC, 2009).
While often seen primarily as means of expanding the “pipeline” of
talented students entering engineering as a profession (Sullivan, 2006),
integrating engineering into pre-college classrooms has a larger purpose than
teaching some students how to be engineers. Research has shown that
engineering can motivate students to study the other STEM subjects (Tate,
Chandler, Fontenot, & Talkmitt, 2010). Learning to apply science and math
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concepts through designing student-relevant technologies aids the expansion
and refinement of personal mental models and increases comprehension of
abstract concepts that would otherwise seem irrelevant (Linn, 1995). Thus,
engineering provides creative real-world contexts for applying concepts from the
other STEM subjects and makes the concepts relevant to students (National
Academy of Engineering [NAE], 2008).
Building on smaller successes at state and district levels, federal initiatives
and standards movements have furthered the pre-college engineering integration
effort (Carr, Bennett, & Strobel, 2012). Engineering now finds direction from
prominent inclusion in the Next Generation of Science Standards ([NGSS] Next
Generation Science Standards: For States, By States, 2013) and in recent years,
has made its way into the educational standards of most states, albeit in a rather
inconsistent manner. Previously overlooked, engineering is now interdependent
with the other STEM subjects and seen as influential on society. The NGSS
compares and contrasts engineering design processes with the scientific process
and extensively describes the symbiotic nature of science and engineering.

1.2

Purpose

The three studies in this dissertation provide a collective example of a
systemic approach to educational innovation in the context of the development of
pre-college engineering. Each touches on concepts that are interdependent
aspects of translating research into practice through theory-supported
instructional design and evaluation.
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The studies in this collection share the context of pre-college engineering,
but the information gained from them can apply to other contexts and content
areas. Collectively, they illustrate the multiple competencies of an educational
researcher and instructional designer (Purdue University Department of
Curriculum and Instruction, 2010) who strives to have a positive impact on
educational practices and to provide significant benefits to the educational
system. This chapter traces the origin and purpose of design research,
introduces the concept of education and engineering as an entwined space, and
sketches how each of the studies illustrate the nature of this entwined space.

1.2.1 Situated Educational Research
In these studies, the author acted as a situated educational researcher
(Figure 1.1). The situated educational researcher places himself within the
educational system at large by assuming the roles or analyzing the needs of a
wide range of stakeholders—including students, teachers, instructional
designers, researchers, administrators, and policy makers—as inspiration for
inquiry (research) and design (practice). The situated educational researcher
can be found in a space where design research, action research (research into
practice), and systems theory overlap. In this context, situated implies more than
a physical or mental space; it delineates a symbiosis between educational
theory, educational practice, and the educational system or community. Figure
1.1 illustrates the intersection of research, practice, and community.
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Community

Research
•Theory
ID Models
•ID
•Evaluation
Evaluation
•Methodologies
Methodologies

Practice
•Learning
•Pedagogy
•ID Models

•Students
•Teachers
•Instructional Designers
•Researchers
•Administrators
•Policy Setters

Situated Educational Research
Figure 1.1 Situated Educational Researcher

The idea of this space is not new. Glaser (1976) wrote of the “science of
design” and referred to Dewey’s (1899) idea of a “linking science” between
learning theory and instructio
instructional
nal application. Glaser then referred to Edward L.
Thorndike as “the combination in one person of the theoretical scientist and the
applied scientist interested in designing instructional procedures” (p. 4).
Thorndike (1922) wrote, ““The invention of means of teaching … is one of the
great opportunities for applied science” (p. 293). Glaser, however, found that this
applied science by Thorndike and those who followed lacked a theoretical
foundation, as the research movement “took on a superficial momentum that
th
separated it from the implicit theory that generated it” (1976, p. 4).
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Much like design research, situated educational research uses learning
theories to inspire the design of new practices, which in turn require a cycle of
research, implementation, and evaluation carried out in the context of real-life
classrooms, spaces characterized by the randomness that accompanies any
research with humans. Brown (1992) described her work in research and
intervention design as “engineering innovative educational environments” within
a system comprised of learning environments, stakeholders, assessments,
curriculum, and “so forth” (p. 142). At the same time, Collins (1992) characterized
design experiments, which he later called design research (Collins, Joseph &
Bielaczyc, 2004) as a design science of education, differing from analytical
sciences in much the same way that the fields of engineering and computer
science do, as a hybrid field in which application and theory mutually inform each
other.
Earlier, Cooper (1953) equated “research into practice” (p. 18) in the
education system with terminology that was new to that era, such as integrative
research, operational research, and action research. The terminology was meant
to imply utility and the “identification, exploration, and solution of practical
problems” (p. 18) in education, as well as the practice of utilizing stakeholders as
active participants in the research. He borrowed from Dewey’s (1947) analogy
comparing the relationship of science and philosophy in education with the
symbiotic and infinite relationship between “ends” (what one wants) and “means”
(how one goes about getting it). Ends and means lie at opposite ends of a
spectrum yet they share an infinite cycle of causality. To Cooper (1953), action
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research (Figure 1.2) fell somewhere towards the science end of the science–
philosophy spectrum.

Figure 1.2 Action Research

Here, as in Cooper’s definition (1953), action research applies scientific
skills (means) to the educational philosophy of instruction and learning (means)
to inform new practices (means/ends) and build on the philosophies of instruction
and learning (ends). Noting that the field of education was late in applying action
research compared to other fields, Cooper claimed it as an advantage because
the techniques and attitudes had already evolved by that time. Although
anecdotally, he credited action research for the unprecedented educational
improvements of the first half of the twentieth century.
Situated educational research combines definitions of action research
from traditional application to recent usage. Action research in traditional terms
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applies to a researcher placing himself or herself in a research environment in
order to affect change and contribute to theory while using the research
participants as active participants in the research and research design
(Checkland & Holwell, 1998). Another interpretation of action research that is
more recent, often called teacher research, involves the teacher as the primary
researcher that studies his or her own practices to improve their teaching
methods (Bransford, Carr, & Cocking, 1999). Situated educational research is
closest to the pragmatic view of action research of Morten and Greenwood
(2011) that can apply to any social research. In it, the researcher collaborates
with the stakeholders and benefits from the depth of their experience in an effort
to affect change and unite theory and practice.
Situated educational research also approximates systems theory behind
design research that dates back to Cooper’s era. U.S. military training services
began implementing a systems approach to the design of training systems
following World War II (Molenda, Reigeluth, & Nelson, 2003). Modern
instructional design grew out of processes for designing and evaluating “hard”
systems of the positivist or mathematical sort, such as those as found in
engineering. The type of systems design and analysis that evolved into
instructional design models was labeled “soft” because activities that involve
humans contain the human element of randomness that complicates “hard”
methods of analysis. Many different instructional design models have resulted
from the systems approach, including the generic ADDIE (Analysis, Design,
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Development, Implementation, and Evaluation) “family of models, represented by
13 different variations on the systems approach” (Molenda et al., 2003, p. 9).
Cited for their own instructional design model, Dick, Carey, and Carey
(1996) write about systemic instructional design where the inputs (means) and
outputs (ends) are affected by the interdependence of the components of the
system: teachers, learners, materials, and learning environment. The
interdependence of the parts can often be troublesome; for example, the
complexities of intervening in social systems such as those found in classrooms
and schools sometimes lead to instructional design research problems being illdefined (Brown, 1992). Similar to ADDIE, each stage of the Dick, Carey, and
Carey (1996) model builds on the preceding step in a cyclical process of
analysis, design, and improvement.
This systems approach also has influenced systems engineering practices
and resulted in the study of Soft Systems Management (SSM), designed
specifically to analyze and find solutions to design problems involving humans by
applying scientific skills of analysis. Unlike instructional systems design,
Checkland (1985) distinguished “hard” systems thinking as goal-oriented and
“soft” systems thinking as learning-oriented, adding that hard systems are a
subset of soft systems. The process of inquiry for those intervening in human
affairs does not allow one to separate “theory and practice in a way that the
natural scientist can” (p. 747). “Theory leads to practice; but the practice is itself
the source of theory; neither is prime; the process generates itself” (p. 757). Even
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though it is derived from, and most often utilized in educational settings, SSM is
also used across all fields involving human activities.
The design of an intervention used in one of the studies in this
dissertation, Metacognition in the Engineering Design Process ([MCinEDP]
Chapter 4, and Figure 1.3), utilized Checkland’s SSM model (1985). In the
model, the first step is to find out about a problem. Teaching experiences led the
author to see a need for students to increase metacognitive skills. A review of
engineering literature highlighting the importance of reflection in relation to the
design process for both students and working engineers further inspired the
design. For the second step, portray the real world, the author created a mental
model of classroom practices based on the knowledge gained from the first step,
research from the standards study found in Chapter 2, classroom observations of
students solving engineering design problems, research from the design case in
Chapter 3, and information from the NRC (2009) report. In step three, define, the
stakeholders were identified, their roles and needs were considered, and the
potential solution of integrating the metacognitive instruction was considered in
light of potential constraints such as time, resources, student factors, and teacher
ability. In the fourth step, the design of the MCinEDP model (outlined in Chapter
4) reflected the ideal state. Next, the ideal state from step four and the real world
practices from step two were compared. The sixth step was to design and
develop an intervention to address the gaps identified by the comparison.
Ultimately, this process was repeated again with the issues revealed during the
first pilot study of MCinEDP as the new problem for step one.

Soft Systems Management Model

Find out
about
problem
Develop
and apply
solutions

Contrast
real world
and
conceptual
Construct
conceptual
models

Applying Soft Systems Management to MCinEDP
Research into Practice

Portray real
world

MCinEDP,
Teacher
Training
and
Evaluation

Define*

Current
design
activities
incorporate
little
reflection

Need
reflective
real-world
design
activities

Standards
& Teacher
Practices

Define*
Model of
MCinEDP
serves as
ideal state

*Define the:
*Define the:
• Customers = who benefits
• Students = who benefits
• Actors = carries out activities
• Teachers = carries out activities
• Transformation Process
• Transformation Process: MCinEDP Point of view:
Constructivist learning
• Point of view
• Owner: Policy / Administration
• Owner
• Constraints: Student factors, teachers, time, etc.
• Constraints
Figure 1.
1.3 Soft Systems Management and Research into Practice
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1.2.2 Competencies
What does it mean to be a competent researcher in the field of
instructional design? To answer that question, Purdue University’s Learning
Design and Technology [LDT] Graduate Competencies (Purdue University
Department of Curriculum and Instruction, 2010) were referenced to provide the
foundation of the matrix of competencies (Table 1.1) that are found in the studies
included in this collection. The LDT competencies were adapted to reflect the
nature of a situated educational researcher. These competencies are discussed
directly in each study overview, while the matrix serves as a map or outline for
where evidence of the competencies can be found.
The LDT competencies are: 1) Synthesize Knowledge; 2) Create
Knowledge; 3) Communicate Knowledge; 4) Think Critically and Reflectively; 5)
Engage in Professional Development; 6) Participate Actively in the Profession; 7)
Apply Instructional Design Principals; and 8) Apply Computer-Based
Technologies and Media to the Solution of Instructional Problems. These were
modified for the matrix. The first three competencies address Theory & Literature
and Practice. Under each competency are listed the components that address
both theory and application. For example, under the LDT Create Knowledge, the
third component is “Applies research findings to the solution of common
problems in Educational Technology” (p.16). Research Design and
Methodologies and Methods are reflected throughout the LDT competencies, and
especially highlighted here to reveal the pragmatic nature of the researcher, who
is methodologically flexible and able to design studies that “take into account real
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world circumstances” and “take account of real people, real time and available
resources” (Maxwell & Kupczyk-Romanczuk, 2004, p. 11).
Table 1.1 Matrix of Competencies Found in the Studies
Chapter
Purpose

Standards
(Chapter 2)

Design Case
(Chapter 3)

Metacognition
(Chapter 4)

Policy Research and
Curriculum Analysis

Instructional Design
and Teacher
Preparation

Instructional Design
and Student Learning

Theory & Literature:
Synthesize, create
and communicate
knowledge; think
critically and
reflectively.

Engineering
education literature
informed definitions
and search
parameters.
Literature was
background for need
for standards
research and
implementation.

Learning and
instructional design
theories influenced
design and
evaluation of the
course. Literature
was background for
objectives, content,
and course reading
materials.

Learning theories
influenced
conceptualization of
student learning;
Learning and
instructional design
theories influenced
design and
evaluation of the
intervention that
applied constructivist
instructional design
theory

Practice: Application
of knowledge and
theory.

Standards lead to
practice, changes in
pedagogy

Providing teachers
with instructional
strategies and
practices

Teacher training and
implementation guide
to support the
intervention

Instructional Design:
Apply instructional
design principals.

“Big Ideas” of
engineering can be
used for curriculum
design

Applies ADDIE
instructional design
model for
development and
evaluation;
Description of the
design process can
be used by other
instructional
designers and
students

Constructivist ID
models &
components applied:
Anchored learning,
STAR Legacy Cycle;
Merrill’s First
Principles and
Jonassen’s
Constructivist
Learning
Environment
provided foundation
for the intervention
design

Competency
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Table 1.1 Continued
Research Design:
Create knowledge;
think critically and
reflectively;
communicate
knowledge.

Content analysis of
national and state
standards in science,
math, technology,
vocational, career,
and engineering
education
Literature review for
policy argument and
as foundation of
coding

Case study of
instructional design

Quasi-experimental
cohort study design

Program Evaluation

Design of
metacognition model
for engineering from
literature review

Literature review
used for theoretical
background and to
locate content

Evaluation of
instruction

Methodologies and
Methods: Create
knowledge; think
critically and
reflectively.

Content Analysis
(Directed and
Summative)
Qualitative
Open Coding
Axial Coding
Quantitative
Ranking &
Quantifying
Standards
Inter-rater Reliability

Pragmatic Outcome
Evaluation
Qualitative
Coding of concept
maps
Student interviews
Analysis of student
products
Quantitative
Paired T-test of
pre/post concept map
data

Quantitative
Independent
Samples T-Tests for
group comparison
Paired T-Tests for
pre/post comparison
Multiple Linear
Regression Analyses

Audience
/Communities of
Practice:
Communicate
knowledge; engage
in professional
development;
participate actively in
profession.

Policy Leaders,
Researchers,
Instructional
Designers, Teacher
Preparation
Providers, and
Teachers

Instructional
Designers, Teacher
Preparation
Providers,
Instructional Design
Students

Teachers,
Researchers,
Instructional
Designers

Apply ComputerBased Technologies:
Planning effective
technology enhanced
learning
environments.

Engineering
Education, Education
Administration,
Instructional Design,
Science Education,
Math Education,
Elementary
Education

Engineering
Education,
Instructional Design,
Science Education,
Math Education

Development,
Implementation, and
Evaluation of
Blackboard course
components

Engineering
Education,
Instructional Design,
Science Education,
Math Education,
Elementary
Education, Learning
Sciences

Analysis of existing
computer-based
learning tools that
support
metacognition
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1.3

Overview of Studies

The three studies pursued in this thesis have many similarities and
differences. They share the context of pre-college engineering education yet
differ in knowledge produced, method, purpose, and outcome. They also share
some of the same background literature but diverge in their application, size, and
scope. Each has a different primary audience and unique purpose but all share in
the overall goal of improving learning. Each study took place over multiple years
but their effect varies from short-term to long-term.

Table 1.2 Relationships of Theory, Policy, and Practice in These Studies
Theory
Policy
Practice
This Project
“Engineering
in the K-12
STEM
Standards”

Standards
based on
learning
theories

Standards
influence
policy and
are
influenced by
policy

Standards lead
to practice,
changes in
pedagogy

Investigates
standards to
influence policy
and curriculum

“A Design
Case”

Learning and
instructional
design theories
influence design

Policy
changes
based on
new
standards
lead to need
for course

Providing
teachers with
instructional
strategies and
practices

Policy changes
based on new
standards require
new teachers to
be trained

“MCinEDP”
Study

Learning
theories
influenced
design of
intervention
based on
constructivist
instructional
design theory

NRC call for
empiricallysupported
curriculum to
meet policy
changes

Teacher training
and
implementation
guide to support
the intervention

Standards and
policy change
lead to need for
curriculum;
ongoing need to
develop higherlevel thinking
skills adds to
utility of
integrating
engineering.
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The studies are purposefully ordered to focus first on the macro level of
educational policy, then on a middle ground where pedagogy meets teacher
preparation, and finally on the micro level of student learning strategies. Table
1.2 and Figure 1.4 demonstr
demonstrate
ate how theory, policy, and practice relate and build
on each other in these studies to affect student learning, reflecting the cyclical
nature of systems design. In “Engineering in the K-12
12 STEM Standards of the 50
U.S. States: An Analysis of Presence an
and Extent,” Carr et al. (2012)
2012) investigated
how standards evolve from learning theory, inform policy decisions, provide
guidance for instructional designers of pre
pre-college
college engineering curriculum, and
create the need for the teacher preparation course that iis
s the subject of Chapter
3. This standards study identified “Big Ideas” in engineering instruction that can

• Theory

• Learning

• Policy

Learning &
Instruction

Standards &
Testing

Interventions
& Evaluation

Curriculum &
Pedagogy
Instruction

• Practice

Figure 1
1.4 Cyclical Nature of Theory-Based Instruction
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be useful to curriculum designers and lead to changes in practice. “A Design
Case: Design and Integration of Engineering Curriculum for Secondary Teachers
and Researchers,” (Chapter 3) is a case study influenced by learning theory that
utilizes and promotes instructional design theories. Instructional design is also a
part of the content of the course under examination, initially inspired by the need
to prepare teachers for changes in standards and policy in Indiana. The
intervention in “Design and Study of MCinEDP: Metacognition for Reflective
Design in Pre-College Engineering,” (Chapter 4) is based on learning theories,
demonstrates a type of instructional design based on the literature modeling
cognition, and addresses the teacher preparation required to ultimately influence
student learning in the classroom.
These three studies can each stand as separate entities, but together they
represent the space of situated educational research.

1.3.1 Standards and Policy
“Engineering in the K-12 STEM Standards of the 50 U.S. States: An
Analysis of Presence and Extent” (Carr et al., 2012) examines educational
standards across the country to compile and analyze the occurrences of
engineering or engineering-related content. One purpose of the study was to
influence the development of pre-college engineering by explaining the need for
the engineering education community to participate in the impending national
standards movement, and by providing evidence of the presence of engineering
in current state standards. Another purpose of the study was to provide direction
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for creating shared standards for pre-college engineering and to inform the
design of new curricula. At the time of the study, there had not been a concerted
effort to establish a unified view of what pre-college engineering instruction
should look like.
The research questions of the study were: 1) To what extent is
engineering present in current STEM standards in the 50 states in the USA? 2) In
what subject areas can engineering-related standards be found? 3) What are the
central concepts of engineering that are present in existing standards?
The standards research involved a content analysis of the standards
documents and an extensive literature review. The content analysis utilized
broad definitions of engineering from the literature and treated each of the 172
standards documents as individual cases in a multiple case study. Lenient,
manual open coding identified engineering-relevant standards. Text parsing
software was used to ensure standards containing high-frequency words were
not overlooked. Axial coding was used to determine categories of standards
before each of the 1472 statements were manually coded and rated by all five
coders, with an inter-rater reliability of 86 percent. In addition to the strength
ratings and classification of the standards, the results were categorized by
content area and grade level and then further analyzed to determine the common
points of emphasis, or “Big Ideas,” in the standards.
The results show that 41 states have engineering content somewhere in
their standards (Chapter 2, Figure 2.2). Each of the state’s standards were
compared with existing sets of standards to determine if they had been adapted
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from somewhere or were specific to the state. The “Big Ideas” were compiled into
19 statements (Chapter 2, Table 2.4) that represent “doing engineering” and that,
along with the standards categories, could be utilized by future standards writers
and instructional designers charged with designing curricula for pre-college
engineering. The discussion portion of the study summarizes a large collection of
literature to: 1) urge the engineering education community to move forward with
the design of pre-college engineering standards; 2) support the NRC (2009) call
for more research on the cognitive benefits of engineering education; and 3) refer
to Massachusetts for those looking for examples of overcoming barriers to
implementing engineering standards and curricula.

1.3.2 Instructional Design and Teacher Preparation
Chapter 3, “Design and Integration of Engineering Curriculum for
Teachers of Secondary Math and Science,” follows the instructional design
process during the development of a graduate-level course, Integrating
Engineering into Secondary Math and Science Curricula, intended to prepare
teachers to integrate engineering into secondary math and science classrooms.
The purpose of the design case is to serve as an example to instructional
designers who may be able to learn from both the negative and positive aspects
of the design experience. The design case has its own structure, which is
different from a traditional empirical study- the research questions are implied
and center on the design problem, design strategies for solving the problem,
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methods of evaluating success, and how these informed the changes made to
the design.
The instructional design case was written to meet criteria for rigor outlined
by Smith (2010): 1) Prolonged engagement (two years of design, implementation
and review); 2) Observation of salient elements; 3) Triangulation of data; 4)
Negative case analyses (errors and abandoned decisions); 5) Peer debriefing; 5)
Member checks; 6) Thick description; and 7) Audit trails. Following these criteria
helped to build trust that the thick descriptions were in-depth and unbiased
(Boling, 2010). And, while evaluation procedures were discussed, only a sample
of the data is provided to depict the experience and to avoid trying to draw
generalizable conclusions from this one specific case (Howard, 2011).
Many factors contributed to the complexity and novelty of the design
experience portrayed in this instructional design case. Although the initial
participants were expected to be math and science professionals in a transitionto-teaching program, the two sponsoring departments promoted the course to
students outside the program including students in engineering, engineering
education, and education. The increased recruitment resulted in extending the
goals and objectives to meet needs that were more diverse. The proposed hybrid
format of the course added to the challenge of the design. The absence of similar
courses meant the course materials needed to be created from literature.
Intensive literature review informed the design of the course, the objectives,
activity selection, and reading selection.
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Beyond the stakeholders and context of the instructional design problem,
key decisions were outlined and rationales were provided throughout, including
formulation of objectives, sequence of instruction, and planning of assessment
strategies. The five stages of the ADDIE (Analysis, Design, Develop, Implement,
and Evaluate) model of instructional design (Crawford, 2004) are thoroughly
described as they were utilized in the course design process, an iterative cycle of
evaluation and revision.
The data available for the evaluation in the design case came from
student and instructor interviews, concept maps, and analysis of student
products and writing. The students created concept maps for engineering and for
teaching engineering at three points during the semester. These were analyzed
qualitatively and scored. Changes between pre and post scores were analyzed
using t-tests. The interviews and student products were analyzed qualitatively as
part of the improvement stage after the first intervention and for the second
implementation.
Based on the evaluation, improvements were made for the subsequent
iteration. The hybrid learning environment was not effective in the first iteration.
The workload was burdensome and students needed more instructional design
background including opportunities to participate in and reflect on hands-on
activities such as they were expected to design for their assignments. Content
from the course has since been utilized in other training programs and has
served as the foundation of a similar course for another university that utilizes
solely online instruction.
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1.3.3 Metacognition, Instructional Design, and Teacher Preparation
Chapter 4, “Design and Study of MCinEDP: Metacognition for Reflective
Design in Pre-College Engineering” outlines the design, implementation, and
evaluation of a specific intervention, Metacognition in the Engineering Design
Process (MCinEDP), in classroom grades three through five. The primary
purpose of this study is to evaluate the intervention to inform potential design
changes or support its further use in other classrooms. The description of the
design provides the theoretical background used for the design and iterative
improvement of the intervention. Design changes based on two rounds of pilot
study are also discussed.
The design of the intervention, MCinEDP, responds to the NRC (2009) call
for promoting engineering habits of mind (Lawanto, 2009) through technology
design challenges that encourage student reflection and design iteration with
open-ended problems (Dixon, 2011). MCinEDP has been designed with the
purpose of: a) building students’ metacognitive knowledge through direct
instruction; and b) increasing cognitive regulation through purposefully designed
activities based on principles of scaffolding and teacher coaching. The
intervention starts with explicit instruction on metacognition, cognitive strategies
and an overview of prompts that the students will respond to during three stages
of the engineering design process.
MCinEDP is an example of instructional design based on learning theories
about cognition and metacognition. Instruction for metacognition has been shown
to cause increases in motivation, cognition, and emotion that transfer to other
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contexts (Palincsar & Brown, 1987; Pressley & Afflerbach, 1995). Following an
introduction and overview of the study, a literature review connects
metacognition research, scaffolding strategies, and the rationale for the use of
the Junior Metacognitive Awareness Instrument ([Jr. MAI] Sperling, Howard,
Miller, & Murphy, 2002).
The Jr. MAI, a twelve-item student survey created by Sperling et al.,
(2012), measures two constructs, metacognitive knowledge and regulation.
Previously used in the context of science, the Jr. MAI was for the first time being
used in an engineering setting, specifically as a pre and post instrument
measuring change. Since some of the students had participated in the pilot
study, a quasi-experimental study design was implemented (adapted from the
Recurrent Institutional Cycle Design; Campbell & Stanley, 1966) in which two
cohorts were compared. Each cohort represented an amount of experience with
participating in MCinEDP, either no experience (Cohort 2) or prior experience
(Cohort 1). Teacher interviews and classroom observations conducted during the
pilot study informed design changes. Teacher interviews during the study provide
evidence of the fidelity of the intervention.
Given the purpose of the focus of the study as an evaluation of the
intervention, two research questions were formed: 1) How does the intervention
effect the students’ knowledge of cognition and regulation of cognition? 2) What
is the effect of the predictive variables (participation, age, pre-scores) on the
students’ knowledge of cognition and regulation of cognition?
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The data analysis included a series of t-tests to compare the scores of the
two cohorts in terms of change in knowledge of cognition and regulation of
cognition. The two cohorts did differ prior to the study but not significantly enough
to allow for Cohort 2 to be considered as baseline scores. Cohort 2, the group
with no prior experience with MCinEDP, did improve more than Cohort 1
significantly in knowledge of cognition and insignificantly in regulation of
cognition. Linear regressions were performed for each of the constructs,
knowledge and regulation of cognition, to determine the effect of grade level,
amount of experience (by cohort), and earlier levels of metacognition (pre scores
for knowledge and regulation). Analysis of the data showed potential differences
for Grade 4 and Grade 5 students in Cohort 1 so the regressions included an
interaction effect for grade and cohort. While those differences were found to be
insignificant as was the interaction effect, including the interaction did strengthen
the linear models, slightly. It was found that pre scores for knowledge and
regulation and grade level contributed the most to the model for change in
knowledge that accounted for 55.8% of the variance. The model for change in
regulation accounted for 50.9% of the variance and was mostly influenced by the
pre score for regulation as well as cohort and grade level.
The results of the year-end teacher interviews were analyzed and
statements were grouped according to similarity. Themes naturally evolved from
the analysis as the teacher discussed the explicit instruction, overall
implementation, group discussions, difficulties with implementing MCinEDP, and
experiences with administering the Jr. MAI. She provided many specific

24
examples to illustrate how the intervention went in her classroom as she
emphasized the role of MCinEDP as a tool for building teamwork and for
sparking rich discussions for small groups and with whole classes.
The discussion section looks at the implication of the results as well as
examines the limitations of the study. The results supported the hypotheses that
the intervention would have a positive effect for the students and that grade and
experience were factors that contribute to the change in knowledge and
regulation of cognition. Aspects of the study design, instrumentation,
implementation, intervention design, and available data could have limited the
effects of the study. The study concludes with a discussion of further changes to
the intervention and implementation guide that were both informed by and
inspired by the study results. Research implications resulting from this study such
as instrumentation and assessment needs are also explored. Finally, future
improvements to MCinEDP are tied with implications for pre-college engineering
teaching practices in which explicit and deliberate metacognitive reflection
activities are used to support engineering design, problem solving and
engineering abilities such as teamwork and communication. Future modifications
of MCinEDP include adjusting the specific reflection activities including the timing
and difficulty of the prompts. The explicit instruction will be improved and the
teacher implementation guide will be revised. Lessons learned from the
evaluation will aid in the design of future evaluation of MCinEDP, first scaled
down so more information can be learned about the student experiences and
then scaled up to evaluate its use in a wider range of settings.
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CHAPTER 2.
ENGINEERING IN THE K-12 STEM STANDARDS OF THE 50 U.S.
STATES: AN ANALYSIS OF PRESENCE AND EXTENT

Carr, R. L., Bennett IV, L., & Strobel, J. (2012). Engineering in the K-12 STEM
Standards of the 50 U.S. States: An Analysis of Presence and Extent. Journal of
Engineering Education, 101(3), 539–564.

2.1

Abstract

BACKGROUND
Federal initiatives promoting STEM education to bridge the achievement gap and
maintain the nation’s creative leadership inspired this study investigating
engineering content in elementary education standards. The literature review
concluded that common national P–12 engineering education standards are
beneficial particularly amplified by the common core standards movement.
PURPOSE (HYPOTHESIS)
Compilation and analysis of engineering present in states’ academic standards
was performed to determine if a consensus on the big ideas of engineering
already exists and to organize and present those big ideas so that they can be
infused into state or national standards.
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DESIGN/METHOD
Extensive examination and broad coding of mathematics, science, technology
and vocational/career standards in all 50 states identified instances of
engineering content in existing standards. Explicit coding categorized
engineering-relevant standards by subject area. Manual and electronic content
analysis identified key engineering skills and knowledge in existing standards.
Inter-rater reliability verified consistency among five individuals through
descriptive statistical measures.
RESULTS
Engineering skills and knowledge were found in 41 states’ standards. Most items
rated as engineering through strict coding were found in either science or
technology and vocational standards. Engineering was found in only one state’s
math standard. Some states explicitly mentioned engineering standards without
any specifics. A consensus of big ideas found in standards is provided in the
discussion.
CONCLUSIONS
While engineering standards do exist, uniform or systematically introduced
engineering standards are less prevalent. Now is the time to move forward in the
formation of national standards based on the state standards identified in this
study.
KEYWORDS
Engineering Standards, Policy Research, State Standards, National Standards
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2.2

Introduction

K–12 Engineering Education is an area of growing national interest,
winning attention not only in the engineering community but within the general
education community as well. The National Academy of Engineering recently
published two books: 1) an inventory of the state of the art in curricula and
conceptualizations entitled Engineering in K–12 Education: Understanding the
Status and Improving the Prospects (2009) and 2) a position statement on
national standards in K–12 engineering education entitled Standards for K–12
Engineering Education? (2009). Just recently, the National Research Council
published a national science standards framework entitled A Framework for K–12
Science Education: Practices, Crosscutting Concepts and Core Ideas (2011),
containing for the first time substantial engineering components. The National
Assessment Governing Board is preparing for the first national assessment of
technology and engineering literacy for all K–12 students as outlined in their
report Technology and Engineering Literacy Framework for the 2014 National
Assessment of Educational Progress (NAEP).
The current inclusion of engineering into the K–12 context has historical
predecessors and ancestory in various initiatives originating in numerous parts of
the country: Curricula with engineering-inspired components, such as
Engineering is Elementary (EiE), Project Lead the Way (PLTW) and numerous
others (see Brophy, Klein, Portsmore, & Rogers, 2008 for a summary) are widely
used across different states. Curriculum providers are now experimenting with
various methods of bolstering science, technology, engineering and mathematics
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(STEM) education from the elementary to high school levels. These efforts
include the integration of engineering themes, content, processes, and
multidisciplinary methods (Carr & Strobel, 2011). New pre-service teacher
education programs are being developed to facilitate the transition of scientists
and engineers into teaching roles (Grier & Johnston, 2009). Opportunities for inservice teacher professional development support implementation of engineering
curriculum in individual schools and classrooms. Additionally, a swell of research
in K–12 engineering education is noticeable as federal research programs have
made funding available, while new conferences and journals are dedicated to
enhancing a broad research agenda.
When it comes to standards, pre-college engineering is still largely
undeveloped, particularly as compared to science and mathematics education.
Unlike the latter subjects, engineering lacks a defined niche in curricula: there are
no national engineering standards at the K–12 level (Committee on K–12
Engineering Education, 2008), and debate continues as to whether such
standards are even desired. The NAE report on engineering standards (2010)
argues against stand-alone national standards for engineering, instead preferring
to integrate engineering content into other existing academic standards.
Meanwhile, some states have provided engineering standards or are moving
towards providing solutions that can be informative for a larger national debate.
The NAE position statement on standards (2010) gives a rudimentary summary
of the efforts to develop engineering standards at the state level, but a
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comprehensive and systematic study of engineering content that already exists in
state standards is still needed.
The purpose of this study was to compile and analyze existing
engineering-related standards present in state academic standards across the
nation, with the ultimate purpose of providing direction in creating shared
standards for P–12 engineering education. The research questions of the study
were: 1) To what extent is engineering present in current STEM standards in the
50 states in the USA? 2) In what subject areas can engineering-related
standards be found? 3) What are the central concepts of engineering that are
present in existing standards?
This study is significant to the ongoing standards debate because analysis
of the engineering content currently present in K–12 education can inform the
debate on national engineering standards, and locating engineering content will
indicate existing local pathways and infrastructure available to support teacher
preparation for future engineering education, as well as demonstrate possibilities
for a systematic integrated framework for engineering in K–12.

2.2.1 Background
While this study was conducted, the National Academy of Engineering
(NAE) commissioned a study and published a report from the Committee on
Standards for K–12 Engineering Education (NAE Standards Committee) entitled
Standards for K–12 Engineering Education? arguing against the creation of
national stand-alone engineering standards for K–12 (2010). The NAE report
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minimized efforts being made to add engineering to the national science
standards framework (Committee on Conceptual Framework for New Science
Education Standards, 2010), as well the development of national assessments
for science that include engineering and technology applications (National
Assessment Governing Board, 2010). Rather, the NAE report echoed
discussions taking place at the state level in recommending the mapping and
integration of engineering into science and math standards (Committee on
Standards for K–12 Engineering Education, 2010). This report only underlined
the significance of the project we were then conducting, as the collection of
existing state standards will not only aid creating national standards, but more
specifically sheds led on how engineering can be integrated into other content
areas. This study supports the development of a broad perspective of what can
be taught in schools (Committee on K–12 Engineering Education, 2008).

2.2.2 The Role of Standards
Educational standards, including engineering education standards, have a
long history in the United States, with efforts dating back to the 1894 report by
the Committee of Ten from the National Education Association (NEA) outlining
curricula for secondary schools. The Society for the Promotion of Engineering
Education (SPEE) formed in that same year (Grayson, 1980) in response to the
rapid growth of post-secondary schools teaching engineering and was an early
voice pushing for STEM standards. Inconsistent engineering curricula prior to the
1918 Mann Report and the 1930 Wickenden Report spurred the formation of the
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Engineers’ Council for Professional Development, which established
accreditation standards for STEM curricula (Prados, Peterson & Lattuca, 2005).
Despite the nationwide presence of standards and entrance requirements
at the college level, pre-collegiate curricula in all areas remained disjointed and
driven by local community standards. Attempts through the 1950s and 1960s
failed to improve and unify math and science education. Finally, the standards
created by the National Council of Teachers of Mathematics (NCTM) in 1989
have often been cited as the impetus of the modern national standards
movement.
The concept behind educational standards has been changing. The
NCTM created math standards “to ensure quality, to indicate goals, and to
promote change” (Suydam, 1990). Bybee (2000) wrote that standards indicate
the inputs and the outputs of education, or the resources and strategies needed
to produce desired outcomes. To date, standards have varied from state to state
as well as within individual states. Standards have been inconsistent between
content areas both in form and function. Some standards documents have
addressed knowledge or skills a student should learn; others include things such
as curriculum goals, benchmarks, and principles (Kendall & Marzano, 1997).
According to many proponents, standards should only focus on outcomes and be
used for accountability purposes, while others have seen them as “a vision for
what is needed to enable all students to become literate…” in the given subject
area (Committee on Understanding the Influence of Standards in K–12 Science,
Mathematics, 2002, p.2).
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Though the creation of national standards has often provoked critical
voices (Weiss, Knapp, Hollweg & Burrill, 2002), standards have been found to
drive innovation in education and can engender the implementation of
assessments, teacher training, curriculum and textbooks (Bybee, 2010;
Committee on Standards, 2010; National Academy of Engineering, 2009).
Standards are necessary for transforming the ideas offered by subjects such as
engineering into effective and relevant instructional practices. “What gets taught
in P–12 classrooms is often a function of what gets emphasized in national and
state content standards” (Brophy, Klein, Portsmore, & Rogers, 2008, p.1).
In their 2008 report on the state of the art in engineering education,
Brophy et al. summarized the efforts in P–12 engineering education and
analyzed the prospects of integrating engineering into the other STEM
disciplines. The report called for the creation of standards and discussed efforts
in that direction by several bodies: 1) the American Society for Engineering
Education’s (ASEE) attempts to promote standards-based instruction in P–12
engineering (Douglas, Iversen, & Kalyandurg, 2004); 2) the NAE attempt to
promote design and technology standards (Pearson & Young, 2002); 3) the State
of Massachusetts’s initial development of explicit engineering standards
(Massachusetts Department of Education, 2006); and 4) many existing formal
and informal engineering programs.
Since the Brophy et al. report, the urgency of the call for uniform
standards has increased. For one thing, the timing of the NAE standards report
coincided with the creation of the national core science standards framework,
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which included engineering and technology design (Committee on Standards,
2010; Sneider & Rosen, 2009; Committee on Conceptual Framework, 2010).
Meanwhile, the NAE Standards Committee has advocated a slow and cautious
approach, such as was taken with the NCTM standards, which took nearly a
decade to fully implement (Consortium for Policy Research Education, 1993).
The current movement towards core standards in math and language arts also
set the stage for timely development of core standards for science and social
studies (Committee on Standards, 2010).
The task of defining of engineering standards in P–12 could be taken over
by other stakeholders if the engineering community fails to use this opportunity to
direct standards development due to delays and excessively cautious responses
or a slow approach. Currently, the NAE is only marginally represented in the
process of creating the national science standards, which for the first time
contain several explicitly stated engineering components.
Now is the ideal time for the K–12 engineering education community to
join the science standards development process. Reaching consensus amongst
experts on the major tenets of engineering is the first step in creation of
standards. Once this consensus is reached, the creation of assessments,
teacher professional development, curricula, and textbooks should soon follow
(Brophy, et al., 2008). The NAE Standards Committee itself wrote that, “… there
is enough agreement about most of the major ideas to suggest that a consensus
could be reached through thoughtful, collaborative deliberation” (Committee on
Standards, 2010, p.30). Engineering, it may be argued, is under constant
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development in “an iterative process of comment, feedback, and revision”
(National Education Goals Panel, 1993) — but so are standards (National
Academey of Engineering, 2009). For the engineering education community to
hang back from this process would surely be to drastically impoverish it.

2.2.3 Opposition to Stand-alone Engineering Standards and the Argument for
Integration
Rather than establishing stand-alone engineering standards, which would
require a designated space for engineering in curricula, the NAE Standards
Committee recommended the infusion of engineering into existing standards, that
is, the integration of engineering with other subjects through concept mapping.
The NAE Standards Committee came to this argument based on several
findings: 1) there is little experience with K–12 engineering education in U.S.
elementary and secondary schools, 2) there is a lack of teachers qualified to
teach engineering, 3) the evidence of the impact of standards on other subjects
is inconclusive, and 4) significant barriers to introducing stand-alone standards
for a new content area exist. These findings led the committee to the conclusion
that, “although it is theoretically possible to develop standards for K–12
engineering education, it would be extremely difficult to ensure their usefulness
and effective implementation” (Committee on K–12 Engineering Education, 2008,
p.14).
Zeroing in on the challenge, Rodger Bybee has said, “Developing
standards may be easy; overcoming the barriers related to implementation
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presents the most difficult challenges. Assuming a ‘build them and they will
come’ posture would be a fatal mistake” (Bybee, 2009, p. 15). Bybee, the author
of one of the six papers referenced by the NAE Standards Committee in its
report, has been a proponent of technology standards in the past. However, in
the report to the committee that suggested a move towards STEM literacy, he
advised of the potential obstacles to the application of national engineering
standards, including “federal laws (e.g., No Child Left Behind), state standards
and assessments, teachers’ conceptual understanding and personal beliefs,
instructional strategies, budget priorities, parental concerns, college and
university teacher preparation programs, teacher unions, and the list goes on”
(Bybee, 2009, p.13).
Bybee’s (2009) metaphor of school curricula as an over-filled silo to which
new material is continually added echoed the 1997 curriculum study The Third
International Mathematics and Science Study (TIMSS), which found that
teachers were overwhelmed by extensive standards in too many subjects and
that the standards must be prioritized if they are to be effective (Beatty, 1997). In
its 2008 report advocating the creation of engineering standards, the Committee
on K–12 Engineering Education stated, “individual schools and teachers are
faced with accommodating additional content in an already crowded curriculum”
(Committee on K–12 Engineering Education, 2008, p. 4). The NAE Standards
Committee referenced another report, by James Rutherford (2009), which
indicated that, “Since the end of the second world war, the K–12 curriculum has
steadily been adding content and removing little” (p. 2).
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Bybee, Rutherford, and the NAE Standards Committee each suggested
multi-step processes to better integrate engineering into school curricula. Bybee
(2009) proposed the creation of world-class STEM literacy standards that would
integrate engineering into an overall STEM curriculum. Rutherford (2009)
outlined a course of action that included infusing engineering and design
contexts into all subjects and creating an education center for “21st-century
curriculum” (p. 2) that maintains a national database of engineering curricula that
have been evaluated. Further, the NAE Standards Committee called for funding
of curriculum design, cognitive research, and analysis of existing K–12
engineering programs (2010).

2.2.4 Towards Stand-alone Engineering Standards
NAE Standards Committee member John Chandler described the creation
of the most recent report as using a balanced approach and “answering the
question: ‘What would be the value and feasibility of developing national
standards for engineering education in K–12?”(Pearson, Chandler, Diefes-Dux,
Hanson, & Kelly, 2010, August).
The balanced approach allows for a substantial amount of information
that, unlike the fears expressed above, actually helps build an argument for
standards in agreement with other research. According to the committee (2010),
“standards for K–12 engineering education could help create an identity for
engineering as a separate and important discipline in the overall curriculum on a
par with more established disciplines” (2010, p.19).
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The work of Ioannis Miaoulis, a leader in the Massachusetts standards
movement was cited by Larry Richards as an example of what people in
engineering education should do. Richards discussed the success in
Massachusetts of increasing engineering awareness and building early interest
by “Influencing the pre-college curriculum and instructional standards… That
means getting involved with local and state educational policy agencies”
(Richards, 2007, p.1).
To date, Massachusetts and the International Technology and
Engineering Educators Association (ITEEA) have led the field of standards
design for K–12 engineering. Massachusetts, whose guiding principles in the
current science standards call for technology and engineering education to fill at
least one-quarter of science instruction in elementary school, first announced
engineering standards in 2001. The Massachusetts standards span engineering
and technology topics from material properties and use of primitive tools through
sophisticated design problems and knowledge of such evolving technologies as
bioengineering and thermal systems (Massachusetts Department of Education,
2006). The ITEEA published Technology for All Americans in 1996, a book
outlining the future of technology education. It included a call for standards as
well as understanding of engineering concepts and design, a call answered in the
ITEEA original publication of Standards for Technological Literacy in the year
2000 (Center for the Study of Technology, 2007).
Through P–12 engineering education, students come to understand
engineering and get excited about it (Committee on K–12 Engineering Education,
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2008). Engineering can be “used to engage students in learning, reinforce STEM
concepts learned in their academic classes, and also give teachers tools to teach
STEM content in a context that provides the ‘why’ to learning” (Tate, Chandler,
Fontenot, & Talkmitt, 2010, p. 388). In their research on engineering design
models, Tate et al. (2010) cited reports from the National Science Board in 2007
and the Committee on K–12 Engineering Education in 2009 that showed “that
engineering may be a positive vehicle to motivate a kindergarten through grade
12 (K–12) students to study other STEM subjects.”
Similarly, engineering can be contextualized by students as it applies in
specific engineering and design contexts as well as personal ones: First,
engineering education encourages people to understand engineering in daily life
so they can get benefits at work and home, choosing the best products,
operating systems correctly, and troubleshooting technical problems when they
need. Second, the knowledge of engineering and engineering thinking can
increase people’s ability to judge and make decisions about national issues
related to technology use and development. (Chae, Purzer, & Cardella, 2010)
Studies indicate that learners better comprehend difficult math and
science concepts when creating their own models than when given abstract
models that are unrelated to their everyday world (Linn, diSessa, Pea, & Songer,
1994). Engineering provides students with an opportunity to “solve basic
problems faced in everyday life by employing concepts and models of science,
technology, and mathematics” (Chae, Purzer & Cardella, 2010, p. 11; Chandler,
Fontenot & Tate, 2011). Complex scientific and mathematical concepts can be
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simplified through engineering into tangible models that students themselves
construct through “the creative solutions that they generate (in hypothesis space)
by analysis, argument, and critique” (Committee on Conceptual Framework,
2010). Engineering “can be both an integrator and contextualizer. That is, K–12
engineering education can place mathematics, science, and technology in a
meaningful, real-world context” (Committee on K–12 Engineering Education,
2008, p. 25).

2.2.5 Standards Driving Assessment, Curriculum and Teacher Development
Standards, of course, do not do educational work in a vacuum. As the
report by the NAE Standards Committee explains:
Most contemporary theories of education reform suggest that, for
standards to have a meaningful impact on student learning, they must be
implemented in a way that takes into account the systems nature of
education (e.g., AAAS, 1998; NRC, 2002). For example, it is commonly
understood that effective standards must be coherently reflected in
assessments, curricula, instructional practices, and teacher professional
development. (Committee on Standards for K–12 Engineering Education,
2010, p. 30)
NAE Standards Committee member Bybee is among those who have
advocated using standards to lead the development of the assessments,
curricula, instructional practices, and teacher training needed to make
engineering a strong feature of elementary education. In reference to technology
standards, he wrote, “The power of standards lies in their capacity to change
fundamental components of the educational system, which include curriculum
programs, instructional practices, and educational policies.” He added,
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“Standards influence the entire educational system because they are input, but
they also define output” (Bybee, 2000, p.27).
The NAE Engineering in K–12 report from 2009 declared standards,
curricula, professional development, student assessments, and supportive school
leadership as the imperatives for K–12 engineering (p.12). The report also
stated, “Broader inclusion of engineering studies in the K–12 classroom also will
be influenced by state education standards, which often determine the content of
state assessments and, to a lesser extent, curriculum used in the classroom”
(p.163).
As “… a resource for improving existing or creating new curricula,
conducting teacher professional development, designing assessments, and
informing education research” (Committee on Standards, 2010, p.39) the report
suggests using “core ideas,” also known as big ideas. Identifying some of these
big ideas, then, is a first step towards creating standards that when properly
implemented can have a domino effect, driving and providing a coherent
framework for the implementation of educational improvements.
In this time of increased accountability, standards-based curriculum and
standards-based assessments will drive policies that will “support schools and
teachers by providing professional development opportunities, instructional
materials, and appropriate resources to enhance their efforts to raise
performance levels of their students” (Weiss, Knapp, Hollweg, & Burrill, 2002).
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2.3

Methodology

2.3.1 An Operational Definition of Engineering
In order to survey the state standards, preliminary definitions of
engineering content needed to be established through literature review. The NAE
Engineering in K–12 2009 report provided initial direction:
•

“Engineering — a process for creating the human-made world, the
artifacts and processes that never existed before.” (p.9)

•

“Engineering Design Process — the iterative process for creation
and manipulation of the human-made world. The process
combines knowledge and skills from a variety of fields with the
application of values and understanding of societal needs to create
systems, components, or processes to meet human needs.
Initialized by problem definition, followed by clarity of the
specifications that the designed product must meet, the openended engineering design process optimizes competing needs and
constraints, and …uses modeling and analysis to drive the creation
of new engineered solutions to serve humankind.” (p.9)

•

“Technology — the artifacts of the human-made world…” (p.9)

•

“Optimization—the process of determining the best solution to a
technical problem, while balancing competing or conflicting factors
(constraints).” (p.11)

•

Design must contain two of the following aspects: Systematic
analysis, Constraints, Modeling, Optimization, and Systems.

Dym, Agogino, Eris, Frey and Leifer, when discussing post-secondary
engineering, in Engineering Design Thinking, Teaching, and Learning (2005),
provided a definition that can be used at all levels of engineering design
instruction: “Engineering design is a systematic, intelligent process in which
designers generate, evaluate, and specify concepts for devices, systems, or
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processes whose form and function achieve clients’ objectives or users’ needs
while satisfying a specified set of constraints” (2005, p. 104).
Sneider and Rosen provide a list of nine “Big Ideas” that engineering in
standards should convey in Towards a Vision for Engineering Education in
Science and Mathematics Standards (2009):
A Vision of Engineering Standards in terms of Big Ideas
Knowledge
•

Engineering design is an approach to solving problems or
achieving goals.

•

Technology is a fundamental attribute of human culture.

•

Science and engineering differ in terms of goals, processes, and
products.

Skills
•

Designing under constraint.

•

Using tools and materials.

•

Mathematical reasoning.

Habits of Mind
•

Systems thinking.

•

Desire to encourage and support effective teamwork.

•

Concern for the societal and environmental impacts of technology.

For the operationalization of this project, we deliberately chose definitions
which encompass the broad and multi-faceted concepts above: Engineering is
iterative design and the optimization of materials and technologies to meet needs
as defined by criteria under given constraints. Engineers use systematic
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processes, mathematical tools and scientific knowledge to develop, model,
analyze and improve solutions to problems. Engineering design processes are
dynamic and include phases of problem definition, problem solving, testing and
iteration.

2.3.2 Methodological Framework
All science, math, technology, vocational, career and engineering
standards from each state were compiled and analyzed, with each standards
document analyzed as a separate case of a Multiple Comparative Case Study
(Yin, 2009). Content analysis of the standards used broad definitions of
engineering content and skills (Patton, 2002; Schutz, 1958). Skills necessary for
engineering, such as collecting data, creating models and conducting material
investigations, were considered engineering regardless of the context they were
presented in.
Initial content analysis, open coding and axial coding were performed by a
doctoral student in education with expertise in elementary education and
engineering education teacher professional development, and by two
undergraduate engineering students with experience in engineering education
teacher professional development.

2.3.3 Methods of Data Collection
To ensure maximum variation, data acquisition used a purposeful
selection of all standards from groups of subject areas meeting the lenient
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criterion of being related to the application of engineering, including skills and
content used in engineering, for example modeling and gravity. A random
sampling of other content area standards such as language arts and health was
performed to verify that they did not contain engineering-related standards.
Science, math, technology, vocational, career and engineering content standards
that were current as of December 20, 2010 were obtained through the websites
of state departments of education and via e-mail from the departments (172
documents). Another search of standards documents and a review of legislative
reports and primary news outlets was conducted to include revised documents
as of July 30, 2011. Twelve documents were replaced and rating adjustments
were made. Additional categories were added for analysis of the standards to
account for state standards that directly refer to ITEEA and Project Lead the Way
(a high school engineering curriculum) or are predominantly borrowing from
them.

2.3.4 Methods of Data Analysis
The analysis of the standards consisted of multiple phases of coding and
rating that were repeated. The authors performed a content analysis on
standards documents from ITEEA, Massachusetts and Indiana prior to lenient
open coding, axial coding and strict rating by multiple individuals (Figure 2.1).
These standards documents were selected because they offer a wide
representation of specifically stated engineering standards and represent an
evolution of engineering content from early concepts to newly created standards,
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each borrowing from the previous. The ITEEA standards have moved from
specific use in technology coursework to a middle ground between technology
and science. The Massachusetts engineering standards are firmly situated in
technology and science. Indiana’s engineering-related standards are found in the
standards for science.

Compiled standards underwent content analysis to determine coding scheme prior to
two rounds of coding in which inter-rater reliability was established
Figure 2.1 Data Collection and Analysis

Content analysis was conducted using line-by-line analysis of standards
documents. The operational definitions from the above literature review and
terminology from the content analysis guided the initial open coding of the
standards documents. Key terms used in the individual document search, in
addition to the definitions in the above section, were: constraints, criteria, design,
engineer, iterate, material, model, optimization, process, properties, prototype,
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technology, and test. Raters were not constrained by the terms and definitions
during this lenient round of coding, rather the key terms and general definitions
served as guides to increase consistency within a wide, inclusive focus. All
standards rated as related to engineering were compiled into a database.
The unit of analysis during all phases of coding was the phrase. An
example from the eighth grade New Jersey technology standards is: “8.2.2.B.1:
Brainstorm and devise a plan to repair a broken toy or tool using the design
process.” Another example comes from fifth to eighth grade New York science
standards: “Key Idea 1: Engineering design is an iterative process involving
modeling and optimization (finding the best solution within given constraints); this
process is used to develop technological solutions to problems within given
constraints.” Additionally, the thirteen individual sub-statements of that standard
were assessed as individual units, for example, “T1.1: Identify needs and
opportunities for technical solutions from an investigation of situations of general
of social interest.”
All standards rated as “yes” were compiled into a database before
Generalized Regular Expression Parser (GREP) software searched all of the
initial standards documents to verify that standards were not overlooked. The
GREP software identified key terms and roots based on word counts from the
standards already coded. The additional terms/roots identified were: construct,
develop, evaluate, machine, manufacture, mechanical, product, system and tool.
These were added to the terms listed above for a new GREP search of all
standards. Results of the GREP searches (97,094 items) were compared with
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the database and overlooked standards were coded and added if meeting the
lenient criteria. This verification process increased the size of the database by 51
items for a total of 1472 items.
Axial coding determined eight categories for types of standards and three
ratings for strength that the authors used with each. Data, the standards
statement phrases, were coded in the “strict coding” stage by five researchers
(the three initial coders and two undergraduate students from education and
engineering) using the following two primary categories: A) Design Process
Knowledge & Applications standards, or B) Related Skills, Systems &
Technology Knowledge standards. Items that fit the narrow-focus criteria of
“doing engineering,” or direct application went into A) Design Process Knowledge
or Applications and could fall into one of two subcategories: A-1) Design Process
Knowledge or Applications, or A-2) Specific Parts of the Design Process. Within
the related areas category, standards could fall within one of six subcategories:
B-1) In Context of Engineering, B-2) Direct Engineering Skills, B-3) Assessing the
Impact of Technology and Innovation, B-4) Knowledge of Engineering Fields, B5) Incomplete Aspect of Engineering, and B-6) Systems Knowledge. Strength
was measured on a three-point scale (0, 1, and 2) ranging from not meeting the
criteria of being “related to engineering” (0), to related to engineering (1), to
content or skills directly applicable to engineering and presented in the context of
engineering or problem solving (2).
The coefficient of intercoder agreement was calculated for the final coding
using Holsti’s method, or percentage agreement, modified to calculate the
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agreement to coders’ majority agreement (Neuendorf, 2002). Traditionally, this
method is seen as overlooking the possibility of chance agreement. However,
since all five coders coded every item for a total of eight categories, the effect of
chance on the overall reliability is diminished. The coders were in agreement
85.96% of the time, with 11,953 agreements and 1,952 disagreements. There
were 42 standards phrases for which a majority was not reached as to the
specific type of standard but the top two options were agreed upon. Majority was
reached on all strength ratings.

2.4

Results

Final coding identified 41 states (Table 2.1) that have engineering content
in their educational standards. Five of these states were found to have only minor
or weak references to engineering and technology design components.
Of the 36 states found to have a strong presence of engineering (Figure
2.2), 11 have their own explicit engineering standards and 6 have standards that
present engineering in the context of technology design. Engineering standards
directly borrowed or slightly modified from the Standards for Technological
Literacy from ITEEA accounted for 15 of the states, while 4 states were found to
use explicit engineering standards from the Project Lead the Way curriculum.
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Table 2.1 How Engineering is Found in Standards
California (HS), Connecticut (K–12), Georgia (HS),
Indiana (K–12), Massachusetts (K–12), Minnesota (K–
12), Mississippi (HS), New York (MS, HS), Oregon (K–
12), Tennessee (K–12), Texas (HS)

states with explicit engineering
standards

Alabama (HS), Colorado (HS), Delaware (MS, HS),
Hawaii (K–12), Idaho (K–12), Illinois (K–12), Kansas
(K–12), Maryland (K–12), Missouri (K–12), New
Hampshire (K–12), New Jersey (HS), North Carolina
(HS), Ohio (K–12), Pennsylvania (HS), Rhode Island
(K–12)

states with explicit
engineering/ITEEA

Florida (MS, HS), Iowa (MS, HS), North Dakota (MS,
HS), Utah (MS, HS)

states with explicit
engineering/PLTW

Maine (K–12), Nebraska (K–12), South Dakota (K-5,
MS), Vermont (K–12), Washington (K–12), Wisconsin
(K–12)

states with engineering in the
context of technology design

Alaska (MS, HS), Arizona (K–12), South Carolina (HS)

states with mention of
technology design
components (large variance;
often very weak)

Michigan (HS), West Virginia (MS)

states with mention of
engineering components
(large variance; often very
weak)

Grade Levels: MS = Middle School, HS = High School
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None = None Found; Explicit Eng = Standards explicitly identified as engineering; ITEEA
Eng = State uses ITEEA standards directly; PLTW Eng = State uses PLTW standards
directly; Tech Design = Engineering is taught as technology design; Some Tech D =
Standards briefly reference or mention engineering in the form of technology design;
Some Eng = Standards briefly reference or mention engineering or engineering design.
Figure 2.2 Engineering in Standards by Type

Of the 36 states identified with strong engineering design or technological
design (states with minor or weak mention omitted) in their standards, 12 have
engineering content that can be found in science standards, 8 in technology
standards, 5 in engineering and technology standards, 2 in STEM standards, 8 in
career and vocational standards and 1 in math standards (Table 2.3, Figure 2.4).
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Of the 12 states with engineering found in science standards, 10 are states that
have their own, independent standards.
The majority of standards, 1,472, were categorized as either Design
Process Knowledge & Applications standards, or Related Skills, Systems &
Technology Knowledge standards. (The 42 standards that were not labeled in a
specific subcategory due to lack of majority included 26 Design Standards and
16 Related Standards; these are omitted from these numbers and from Figures 5
and 6.) When divided into the two primary rating categories, 926 standards
covered Design Process Knowledge & Applications, while 504 of the standards
covered Related Skills, Systems & Technology Knowledge. Within the Design
Process Knowledge & Applications category, the Specific Parts of the Design
Process (Figure 2.5) subcategory accounted for 551 of the standards and the
general Design Process Knowledge or Applications accounted for 375 of the
standards.

56

Table 2.2 Standard Types by Grade Level
K–5 Middle School

High School

K–12

6

7

11

6

States with explicit engineering/ ITEEA

9

10

15

9

States with explicit engineering/PLTW

0

4

4

0

States with engineering in the context of
technology design

6

6

5

5

States with mentioning of technology
design components (large variance; often
very weak)

1

2

3

1

States with mentioning of engineering
components (large variance; often very
weak)

0

1

1

0

Number of States

States with explicit engineering standards

50
40
30
20
10
0

39
30
22

K-5

21

Middle
High
School
School
Grade Levels

K-12

Figure 2.3 Grade Levels
evels Where Engineering or Technology Design
esign is Present

Table 2.3 Subject A
Area Where Engineering Content is Found (By State)
S
Science (12)
Illinois, Indiana, Kansas, Massachusetts, Maine, Minnesota,
Nebraska, New York, Oregon, Tennessee, Vermont, Washington
Technology (8)
Alabama, Connecticut, Idaho, Maryland, New Jersey, North
Dakota, South Dakota, Wisconsin
Engineering and
Technology (5)
STEM (2)
Career and
Vocational (8)
Math (1)

Delaware, Missouri, New Ham
Hampshire,
pshire, Rhode Island, Utah
Colorado, Pennsylvania
California, Florida, Georgia, Hawaii, Iowa, North Carolina, Ohio,
Texas
Mississippi
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Engineering is identified in content area standards, as labeled by states.
Figure 2.4 Engineering in Standards by Content Area

Figure 2.6 shows the engineering standards beyond those categorized as
design-specific. Assessing the Impact of Technology and Innovations was the
most common related area (219 standards) identified. The category of skills that
count when presented In the Context of Engineering (but are not necessarily
engineering-relevant otherwise) came in second (91 standards).
Grade level bands show that engineering is present in 39 states at the
high school level, 30 states at the middle school level, and 22 states at the K-5
level. Twenty-one states include engineering in their standards throughout K–12
(Figure 2.3).
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Table 2.2 reflects the breakdown into types of standards by grades. States
in the K–12 column are also included in the numbers in the other three columns.
Therefore, explicit engineering standards (independent of ITEEA and PLTW) can
be found at the high school level in 11 states, 6 of which also teach engineering
in K–Middle School. Explicit engineering standards are more often found at the
high school level, while technology design instruction is more consistent

Number of standards

throughout the grade levels (Table 2.2).
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Comparison of coded design standards (926) by focus.
Figure 2.5 Design Standards by Type
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Systems Knowledge
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Engineering

5

Skills Related to Engineering

91

Needs Specific Context to be
Engineering

77
0
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Number of standards

Standards identified as engineering other than those directly relating to a design
process.
Figure 2.6 Engineering Related Standards (not design) by Type

While the authors coded the standards individually as phrases, a word
analysis was also deemed helpful in locating and portraying the big ideas of
engineering present. Thus, word counts and word clouds were created to
represent the conceptual content of the standards identified as relevant to
teaching engineering. Table 2.4 shows the 80 words that are most common in
the engineering standards (with common English terms such as “the”, etc.
removed) and the frequency of their inclusion. The word cloud in Figure 2.7
represents this data in a way that makes the big ideas instantly accessible.
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Table 2.4 Big Idea Words
Word count of 80 most used en
engineering-related words found in standards.
Word
design
technology
use
process
problem
solution
system
identify
develop
application
produce
understand
material
solve
evaluate
model
tool
Explain
Test
Describe

#
1310
708
683
576
533
476
375
319
310
291
289
270
263
245
214
214
213
210
207
186

Word
need
concept
prototype
communicate
idea
select
analysis
constraints
draw
variety
data
demonstrate
work
information
make
relationship
criteria
improve
plan
effect

#
181
139
136
127
125
123
118
118
115
114
112
112
112
109
109
108
105
100
96
95

Word
techniques
research
technical
principle
project
create
construct
human
meet
differences
present
specifications
construction
document
requirements
results
measure
quality
safe
invention

#
89
88
87
85
84
83
82
82
80
79
78
78
72
72
72
72
70
70
70
69

Word
generate
structure
determine
environment
propose
possible
Investigate
define
equipment
impact
expected
explore
creative
energy
innovation
modify
simple
team
compare
example

Figure 2.7 Big Ideas Word Cloud
Visual representation of the big ideas conveyed in standards identified as engineering.

#
68
68
66
64
62
61
60
56
55
55
54
54
53
53
52
52
52
50
49
49
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Similarly, the design process standards were analyzed to create a word
count for the most common verbs found in them ((Table 2.5),
), and then the most
common nouns (Table 2.6 and Figure 2.9).
9). These word counts help quantify the
activities most emphasized in the standards.
Table 2.5 Verbs in Design Standards
Word count of most found verbs in design standards.
Verb
#
Verb
identify
79
explain
evaluate
76
develop
test
73
create
solve
67
communicate
describe
42
plan
make
36
propose
select
28
define

#
27
26
23
19
17
15
13

Verb
brainstorm
construct
apply
improve
build
produce

Figure 2.8 Verbs in Design Standards Word Cloud
Visual representation of the activities emphasized in design process standards.

#
12
12
11
11
10
10
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Nouns
need
criteria
constraints
model
data
prototype
product
results
materials

Table 2.6 Word Count of Most Found Nouns in Design Standards
#
Nouns
57
ideas
54
tools
52
requirements
47
systems
42
trials
42
analysis
40
modifications
39
procedure
38
specifications

#
33
24
13
13
12
10
10
10
10

Figure 2.9 Nouns in Design Standards Word Cloud
Visual representation of the o
objects
bjects and processes emphasized in design process
standards.

2.5

Discussion

A primary goal of this cross
cross-state
state standards analysis was to discover what
big ideas about engineering are currently being taught in K
K–12
12 education. The
content analysis and coding in this study showed a strong presence of much
content that relates to engineering: systems knowledge; engineering
applications; types of engineering; ass
assessments
essments of technology and of the impact

63
of technology, innovation, and iteration; engineering-based applications of
science and math concepts and skills; and the engineering design process.
In these compiled standards, we found an inclusive consensus on the “big ideas,”
or what “doing engineering” consists of:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Identifying criteria, constraints and problems
Evaluating, redesigning and modifying products and models
Evaluating effectiveness of solutions
Devising a product or process to solve a problem
Describing the reasoning of designs and solutions
Making models, prototypes and sketches
Designing products and systems
Selecting appropriate materials, best solutions or effective approaches
Explaining the solution and design factors
Developing plans, layouts, designs, solutions and processes
Creating solutions, prototypes and graphics
Communicating the problem, design or solution
Proposing solutions and designs
Defining problems
Brainstorming solutions, designs, design questions and plans
Constructing designs, prototypes and models
Applying criteria, constraints and mathematical models
Improving solutions or models
Producing flow charts, system plans, solution designs, blue prints and
production procedures

Compare the operational definitions used in the analysis of the standards to
these findings, and it is abundantly clear that engineering is present in state
standards and in curricula across the nation. Engineering has a presence to
varying extents in the standards of 41 states. The prevalence of engineering at
the secondary levels (39 states present it in high school and 30 in middle school)
is not surprising since technology education has been integrated at the high
school level in technical and vocational curricula since the early 1990’s (Dugger,
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2010) and has long utilized engineering concepts and terminology. The evolution
of technology design to include engineering design over the first decade of the
new millennium is reflected by the addition of the second “E,” for engineering, in
ITEEA’s name (ITEEA, 2010).
While almost half (19) of the 41 states with engineering-related standards
draw on the ITEEA and PLTW standards, the ways in which states utilize these
organizations’ standards vary widely. Some states, such as New Jersey, have
adopted the ITEEA standards as their own. Others, like Missouri, have integrated
certain ITEEA standards into their standards. The resulting standards, like those
of states with independently conceived standards, include goals for students’
technological understanding, problem solving abilities, systems thinking, and
other engineering related skills.
The fact that only 12 states integrate engineering into science curricula
and only 1 into math points to a need for an emphasis on the academic nature of
engineering. The move towards STEM integration can borrow from Mississippi’s
math standards, which include an entire Introduction to Engineering course for
secondary students. These standards integrate math content such as numbers
and operations, algebra, geometry, measurement, and data analysis and
probability into problem solving using engineering skills and concepts.
Almost all state math standards refer to skills such as collecting data,
creating mathematical models, use of measurement tools and manipulation of
geometric shapes that can be utilized in engineering-context problem solving.
Since modeling is an integral part of engineering (Committee on K–12
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Engineering Education, 2008), related standards were noted in the initial coding,
yet omitted during the strict coding because they lacked the context of
engineering.
Use of models in science standards is another common example of
content meeting the criteria of the initial coding yet lacking the context needed in
the final coding. The topics of materials sorting, scientific experiment design,
designing and implementing surveys from which to make predictions or represent
data and tools of measurement are universal in state standards but only met the
criteria of the final coding if present in the context of engineering problem solving.
Illinois does refer to the use of models for improving systems, which approaches
presenting the topic of modeling in an engineering context. However, the relevant
statement (“modeling a delivery route, a production schedule, or a comparison of
loan amortizations needs more elaborate models that use other tools from the
mathematical sciences”) was not an actual standard but was found in a
discussion portion of the standards document, so this standard was not included
in the database. Nonetheless, it illustrates one of many ways that a big idea from
engineering can be mapped onto other subjects.
Alabama Engineering Systems standard nine, “Describe devices used to
transfer, convert, and change direction, transmit mechanical energy, and
overcome friction,” is a specific example of engineering-related content meeting
the criteria of the initial coding but failing strict coding because it would lie in the
content area of physics since no direct application of the knowledge is conveyed.
However, standard seven, “Propose solutions to given electrical systems
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problem statements utilizing fundamental digital electronics, including logic gates,
Boolean logic, flip-flops, and other digital components,” involves application of
engineering knowledge in the context of a problem and therefore meets the
criteria of the final coding.
Within the California Technology standards, details are laid out for many
career pathways, including the Engineering and Design Industry Sector, which
features pathways in Architectural and Structural Engineering; Computer
Hardware, Electrical and Networking Engineering; Engineering Design;
Engineering Technology; and Environmental and Natural Science Engineering.
The extensive list of standards begins with academic foundation standards in
mathematics, social studies, communications/language arts, technology, as well
as career-oriented skills such as problem solving, ethics, leadership and
technical knowledge. Standards specific to each pathway are then articulated,
but while these are customized, each set of standards includes some general
ideas such as historical perspectives on the career, influences on design,
practice in design, and design documentation. This shared groundwork is
another place to look for big ideas about engineering that can be emphasized
early on in education.
California’s extensive technology standards are an example of one way to
integrate engineering. Standards for each technology career strand, including
several fields of engineering, list content connections to science, mathematics,
social studies, communications and language arts standards. Skills such as
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problem solving, ethics and leadership as well technical content knowledge to
apply in context are included.
Looking at the composition of the standards by breaking them down into
specific categories such as design knowledge, design process, and related
knowledge aids in finding opportunities for the integration of engineering into
other content areas. Systems knowledge can be incorporated into science and
technology. Assessing technology standards includes understanding innovation,
the evolution of technology and the impacts of technology, goals which can be
integrated into social studies and language arts curricula.
The greatest richness and variety of standards content can be found in
those states with their own unique standards. Definitions of engineering, and
descriptions of and references to design processes are rich sites for comparative
content analysis. For instance, New York provides a concise description of
engineering design: “Engineering design is an iterative process involving
modeling and optimization (finding the best solution within given constraints); this
process is used to develop technological solutions to problems within given
constraints.” Ohio’s standards provide a much more detailed description of
engineering design:
Design is purposeful, based on requirements, systematic, iterative,
creative, and provides solution and alternatives. The design factors and/or
processes in the development, application and utilization of technology as a key
process in problem-solving. Thinking and procedural steps to create an
appropriate design and process skills are required to build a product or system.
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Engineering design is a subset of the overall design process concerned with the
functional aspect of the design. Modeling, testing, evaluating and modifying are
used to transform ideas into practical solutions.
Variance among engineering standards can be demonstrated by
comparing states’ engineering design process standards. Alabama falls on the
concise end of the spectrum when describing the steps of design, “Defining the
problem, developing and selecting solutions, constructing prototypes, testing,
evaluating and documenting results, and redesigning as needed.” Other states,
such as Idaho and Indiana, for instance, have engineering design process
standards that progress in complexity through the grade level bands. Indiana’s
bands are kindergarten to second grade, third to fifth grade, sixth to eighth grade,
and high school.
For those worried about overfilled curriculum silos, some of the states that
have added engineering have reduced the size and number of standards by
focusing on integration and overarching concepts. For example, Indiana’s new
science standards format poses all standards as process standards. Within the
process standards, the nature of science and the design process of engineering
are both explained and integrated into the four content areas of physical science,
earth and space science, life science, and a new area called science,
engineering and technology. The science, engineering and technology area
utilizes science discovery to inform engineering design and problem solving as
students design and improve technologies.
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2.6

Conclusions

This study shows that engineering does exist in state standards across the
nation. Students are learning about engineering (and technology) design formally
and informally in both academic and vocational classrooms. The presence of 41
states with engineering in their standards contradicts the NAE reports of “no
content standards” (Committee on Standards, 2010, p.43) or “a few states” (p.40)
with standards. This large presence shows that pre-college engineering, just like
educational standards, is not going away soon (Rutherford, 2009).
The engineering community can promote the big ideas of engineering to
improve college readiness for all fields and improve math and science
performance across the board to help prepare “the most highly qualified, best
prepared” college students (Committee on the Engineer of 2020, 2005). The big
ideas have been found in existing standards, as listed in the discussion section.
Further, the ideas expressed in the operational definitions tie together pre-college
standards and the needs of college engineering and are present throughout the
documents analyzed in this study. Engineering as an iterative process that
utilizes math tools and scientific knowledge to solve problems is reflected in
various degrees throughout existing standards documents.
This review of standards from across the nation provides further
opportunities to compare what others are doing with the effort in Massachusetts,
Ohio, Texas, Minnesota, New Jersey and many other states. Mississippi’s
example of engineering standards integrated into mathematics is but one
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instance of how the standards database can be utilized by other standards
stakeholders.

2.6.1 Moving Forward with Engineering Standards
The engineering community needs to build on the momentum made
possible by the increased interest in and funding for STEM education and build
on what is already being done in pre-college engineering. Standards have been
evolving over the past few decades and engineering has found its way into
classrooms across the nation. The National Governor’s Association and the
Council of Chief State School Officers have driven the move towards national
core standards in order to eliminate the variability of what is being taught in our
schools (National Governor’s Association, 2010). The engineering community still
has time to take a role in the development of the core science standards so that
they include well-integrated big ideas from engineering (National Governor’s
Association, 2010 ; Committee on Conceptual Framework, 2010; National
Assessment Governing Board, 2010).
While the NAE Standards Committee has called for more research on the
cognitive aspects of engineering education, mounting evidence already shows
the positive impact of applying math and science concepts in engineering
contexts. Engineering has a place in the core standards movement (Committee
on Conceptual Framework, 2010) and the engineering community can ensure
that not only that foundational skills and math and science applications are
included but also that the creative aspects of engineering (Center for Science,
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Mathematics, and Engineering Education, 1995), “the inspirational, optimistic
aspects” (Tate et al., 2010, p.381) can be emphasized
Students see engineers as performing manual labor and tasks that require
only lower-level thinking (Fralick, Kearn, Thompson, & Lyons, 2008) rather than
seeing engineering as creative, rewarding and lucrative. Even teachers have
misconceptions about engineers and think of them as builders and construction
workers (Duncan, Oware, Cox, & Diefes-Dux, 2007). “Students want their
careers to be lucrative, rewarding, limitless, creative, multi-disciplinary, and
include travel and group work” (Taylor Research Group, 2000). However, they do
not realize that four of the top ten “Best Jobs in America” are in engineering
because they offer all of those things (Software Architect #1, Environmental
Engineer #5, Civil Engineer #6, and Biomedical Engineer #10) (CNN Money,
2010). The engineering community can help erase these misconceptions and
show students how to use engineering in their own lives and to better society
(Chae, Purzer, & Cardella, 2010).
In 1993, the nation needed “world-class academic standards” to help
students “compete successfully with students of any country in the world
(National Education Goals Panel, 1993, p. 1)”. The engineering community has
seen other educational fields go through design and iteration cycles to create
state and national standards. Since the National Academy of Engineering and
National Research Council called for the United States to resume its position
atop the engineering world in 2009 (National Academey of Engineering, 2009),
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engineering education has a renewed impetus just as the national core standards
movement approaches.
There are barriers to overcome in implementation of standards. In this
respect, many refer to Massachusetts as the standard-bearer for pre-college
engineering standards (Hansen, 2010; Pearson et al., 2010; Foster, 2010),
Massachusetts has shown that engineering standards can drive curriculum
development, assessment design and teacher preparation and that engineering
can fit into academic curriculum while supporting science, mathematics and
technology programs (Foster, 2010). Similarly, Massachusetts stands as an
example that engineering standards design is an iterative process that can be
guided by examining what others are doing, as has been done in this study.
While explaining the urgent need to develop a consensus on engineering
standards, this study has shown the extent of engineering content already
present in U.S. standards: there are engineering and technology design-related
standards in 41 states. Thirty-six states have strong explicit engineering
standards and 6 states have strong standards where engineering is presented in
the context of technology design. Of these, 17 were developed independently
from ITEEA and PLTW standards or curriculum. Engineering is most often found
in science standards (12), but also in areas variously labeled as technology,
engineering and technology, STEM, and career and vocational standards, even
in one case in math standards. The majority of standards found relate to design
process knowledge or applications, specific parts of the design process and
assessing technology impact and innovations. While engineering-related
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standards are inconsistent in scope, emphasis, location, subject area, and
context, the coherence of core big ideas that emerge from the various standards
indicates that a consensus on pre-college engineering curriculum is possible.
Truly, engineering state standards provide rich information and concrete
examples in of ways that engineering is already integrated into curricula across
the nation.
Given the strong momentum of increased interest in STEM education in
the United States, along with the already strong presence of engineering
standards in curricula at the state level, now is the time to move forward in the
formation of a national pre-college engineering education agenda and a
standards debate.
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CHAPTER 3. DESIGN AND INTEGRATION OF ENGINEERING CURRICULUM
FOR TEACHERS OF SECONDARY MATH AND SCIENCE

Carr, R. L., (Under Revision). Design and integration of engineering curriculum
for teachers of secondary math and science. International Journal of Designs for
Learning.

3.1

Abstract

This case describes the process used in the design of a graduate level course,
Integrating Engineering into Secondary Math and Science Curricula, intended to
teach theoretical and practical concepts for integrating engineering into high
school math and science classes. The course was offered to STEM (science,
technology, engineering, and math) professionals who participated in Woodrow
Wilson Teaching Fellowship, a transition to teaching program. This design case
outlines the design elements and the challenges experienced by the course
designer. Initial design challenges included the instructor’s desire to employ
problem based learning in a hybrid learning environment and the absence of
existing course materials due to the novelty of the course content. The study
follows the design through two implementations. The evaluation process utilized
instructor and student interviews, a student survey, student products, designer
notes, and online community statistics. Modifications were made throughout
implementations in a continuous cycle of improvement. The blended
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learning environment underwent modifications during the first implementation
and was completely removed before the second implementation to reduce
workload and focus the instruction. Portions of the course have since been
adapted for online and face-to-face teacher professional development and
another university currently utilizes an online version of the revised course.

3.2

Introduction

A state initiative, Woodrow Wilson Indiana Teaching Fellowships (2010),
designed to increase the number of qualified science, technology, engineering,
and math (STEM) teachers in the rural schools of Indiana, inspired the design of
a graduate level course at Purdue University, Integrating Engineering into
Secondary Math and Science Curricula (ESMS). In this design case, I, the
course designer, present a narrative of the design process in terms of issues that
arose, decisions concerning those issues, and revisions over two years of
implementation and improvement. The lack of similar existing courses was
among the many challenges the project faced; others included the instructor’s
desire to utilize problem based learning, designing for a hybrid-learning
environment, and the university’s desire to offer the course to graduate students
from different programs.

3.2.1 Background
Integrating Engineering into Secondary Math and Science Curricula
(ESMS) was the first course of its kind to be offered at Purdue University. Even
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though STEM teacher training programs did exist in other states, very few
explicitly focused on the integration of engineering rather than treating it as an
afterthought to science and math or purely in the context of technology
education. The University of Minnesota, TUFTS University, and The College of
New Jersey are among the exceptions that provided points of comparison for this
project. State implementation of engineering standards in the K-8 science
standards provided further impetus for the focus of this course design (Carr,
Bennett IV, & Strobel, 2012; Indiana’s Academic Standards for Science, 2010).
The rural teaching fellowship program, STEM Goes Rural, named Purdue
as the initial location for the project. It was one of two programs at the university
designed to attract and train teachers for placement in underserved rural school
districts. Chosen for their professional backgrounds in the STEM fields, the
program candidates would need to acquire background in pedagogy and contentbased methods to transition to teaching. The university selected faculty members
from five colleges, Education, Science, Engineering, Agriculture, and
Technology, to provide the training to the project participants (Austin, 2009). The
instructor for ESMS represented two of those colleges, Education and
Engineering.

3.2.2 Need for Engineering Instruction
The Purdue College of Engineering (2006) reported that, along with
showing a declining interest in engineering, students are less prepared in STEM
subjects than their international counterparts. A 2009 report by National

82
Research Council (NRC) cited improvements in math, science, and technological
literacy as some of the benefits of integrating engineering into pre-college school
curricula.
Applying math and science content in the context of engineering can
enhance student content knowledge in meaningful ways that students can use to
relate to the real world and their own lives (Chae, Purzer, & Cardella, 2010).
Real-world applications have been shown to significantly increase students’
ability to build internal alternative models to accommodate science and math
concepts into existing schema (Eylon & Linn, 1988).
While noting the lack of teachers trained to teach engineering, the NRC
(2009) report suggests a series of guiding principles to unify teacher preparation
programs and engineering curricula. These guiding principles state that K-12
engineering education should: 1) emphasize engineering design; 2) incorporate
math, science, and technology knowledge and skills; and 3) promote engineering
habits of mind. Engineering design includes solving open-ended problems by
using math and science knowledge and the utilization of a series of scientific and
mathematic processes to test and improve potential solutions (Brophy, Klein,
Portsmore, & Rogers, 2008). Fostering engineering habits of mind promotes
incorporation of essential skills from all content areas for all learners through
engineering activities that encourage students to communicate in group projects
and to consider societal and ethical implications of proposed solutions or existing
technologies (NRC, 2009).
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3.3

Context

3.3.1 Stakeholders
My position as a student enrolled in a Learning Design and Technology
doctoral program that focused on instructional design and educational technology
contributed to my selection as designer of the ESMS. I had content area
expertise providing teacher professional development, designing curriculum, and
performing research in K-12 engineering. Even though I did not have experience
designing a graduate level course, I had previously designed online learning
modules for teacher professional development, taught teacher preparation
courses, and had considerable experience in designing instruction for multiple
subject areas for elementary schools and for face-to-face teacher professional
development.
The course instructor held a joint appointment in the university’s college of
engineering and college of education and served as client and content expert.
His areas of expertise included instructional design, online learning, and precollege engineering research. Based on experience with the instructor, I knew
that he excelled at face-to-face instruction, particularly in terms of his ability to
facilitate whole class discussions through Socratic discussion techniques.
Initial participants for the course were members of the first cohort for a
transition to teaching program for STEM professionals. The participants were
expected to have expertise in their primary content areas and to be using the
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program to take courses in general pedagogy as well as specific math or science
teaching methods.

3.3.2 Initial Timeline
The initial course design began in December of 2009 after my first meeting
with the instructor regarding this project. During the meeting, he explained that
the course had been proposed and an initial plan needed to be created and then
submitted for approval to both the engineering education and curriculum and
instruction departments and the sponsoring rural teaching program. The
instructor shared background information about the STEM teachers project,
potential participants, the expectations of the two departments, and the need for
the course to feature both online and face-to-face discussion. I left the first
meeting armed with some suggested resources to utilize for brainstorming ideas
for the course before our next meeting, a week later.
The brainstorming led to sizable lists of ideas from myself and the
instructor, and we discussed them at the following week’s meeting. It quickly
became apparent that the scope of our topic was extremely wide and narrowing
the focus would take some effort. At the conclusion of the meeting, we decided
that since the course proposal deadline loomed in the near future, February of
2010, we would utilize regular email correspondence and meet bi-weekly during
the design process. The instructor set a design deadline for May of that year,
with the course scheduled to be offered in late August of 2010.
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3.3.3 Initial Challenges
During the first meeting, we also discussed the first challenge that I would
face. The instructor pointed out that he did not know of any existing textbooks
that would meet the varied needs of the course. Therefore, searching for
potential textbooks or course materials immediately went to the top of the task
list. He suggested two reports from the National Research Council, Engineering
in K-12 Education: Understanding the Status and Improving the Prospects (2009)
and Standards for K-12 Engineering Education? (NRC, 2010), along with
Technically Speaking: Why All Americans Need to Know More about Technology
(Pearson & Young, 2002) from the National Academy of Sciences (NAS) as
possible sources of information to start my search.
As planning moved forward, other issues started to arose. First, it would be
difficult to narrow the focus of the course because of uncertainty about what
other courses the students would be taking during their first semester in the
program. We did not even know if they would be taking other methods or
pedagogy courses at the same time. The more we discussed the scope and
focus, the more questions I had. Would the students take this engineering
teaching methods course at the same time as their content area methods
course? How much of the course focus needed to be on teaching basics such as
pedagogy, classroom environments, and classroom management?
During the early planning meetings, the instructor indicated that the course
needed to utilize a mix of online and face-to-face learning using the universityhosted Blackboard learning management system (Blackboard, Inc., 2009). There
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were several reasons for this. The STEM program wanted the courses to utilize
online instruction in some form to make learning more accessible for the nontraditional students trying to manage busy work and family lives. In addition,
travel and other research obligations had begun to find their way onto the
instructor’s schedule, so the hybrid learning environment could help prevent
cancellations. Planning for this hybrid learning environment added to the difficulty
of the process, because it would be hard to translate the instructor’s strengths in
the classroom into an online environment, and because technology needs were
now being added to the constraints of the design. I could assume that most
graduate students would have a certain level of technological access and skills,
but the intended participants for this course were not traditional graduate
students, so I could not make that assumption. The instructor anticipated that
online discussions would supplement the in-class discussion and activities.
Additionally, he wanted Blackboard to serve as a repository for readings and
assignments. As I considered the parameters for the online learning, these needs
left the design of the online portion extremely open-ended. This would prove to
be both a blessing and a curse as the design process continued.
During the second meeting, the instructor indicated that we needed to use
a Problem-Based Learning (PBL) approach for the course to meet another of the
STEM teacher program requests. Ideally, the instructor hoped, we could build the
course around one large problem that would challenge the learners to seek out
the information that they would need to solve it. The information that they would
find on their own could serve as the course content.
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I thought it would be difficult to utilize PBL because of the wide scope of
the course content needed to meet all of the goals and aspirations for pre-college
engineering that the NRC (2009, 2010) and NAS (Technically Speaking. Pearson
& Young, 2002) books described. My assumption that the students would have
little to no experience with engineering, let alone engineering education, also
concerned me. In addition, my previous experience as a student in a course that
utilized PBL was that the instructor (a different one) sat off to the side while we
students worked in groups in the classroom and computer lab. Therefore, I
thought PBL would minimize this instructor’s strengths in face-to-face teaching.
On the other hand, I did not think that the hybrid learning environment would
restrict the use of PBL too much. Before leaving the second meeting, we decided
that at least one week of the course content should include direct discussion of
PBL and using case studies.
As the early planning progressed towards an acceptable outline, the
instructor learned of the possibility that ESMS might be an elective course in the
STEM teacher program rather than a core course. The potential change in status
meant that a wider range of students, including graduate students from
engineering, engineering education, education, and technology, as well as
advanced undergraduates from some engineering fields would be able to sign up
for the course. This meant that not only did we not know what kind of students to
design for but also that the scope and course objectives needed to be flexible
enough to account for the uncertainty.

88
3.4

Design

The design of this course utilized the ADDIE (Analysis, Design, Develop,
Implement and Evaluate
Evaluate, Figure 3.1)) model of instructional design, a flexible,
cyclic five-stage
stage framework for instructional design that serves as the foundation
for many other instructional design models (Crawford, 2004).. ADDIE evolved
from a systems approach to instructional design that emanated from United
States military programs of the 1950s and 1960s and its origin is not credited to
any one person (Molenda, Reigeluth
Reigeluth, & Nelson, 2003). ADDIE appeals to me
because, as in engineering design processes
processes, each step builds
s on previous steps
and its results
esults inform subsequent steps. Molenda et al. (2003) explained that the
systems approach behind ADDIE grew from “soft” systems analysis,
analysis where the
term “soft” implied that human activities were often too complicated for “hard” or
mathematically precise analyses to account for the randomness of human
behaviors.

Analyze

Implement

Evaluate

Design

Develop

Figure 3.1 ADDIE Model of Instructional Design
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The remainder of this design case includes discussion of how the steps of
ADDIE functioned in the design, implementation, and revisions to the ESMS
course. Generally, the order of the steps of ADDIE is flexible and dynamic, which
allows a designer to revisit steps when needed. The analyze step requires the
designer to consider the preliminary needs of the design problem, including
whether or not designing new instruction is the best solution to the need of the
client or learners. Things to consider during the analysis include previous
solutions or instruction, the needs of the stakeholders, and the learning context
(e.g., setting, timing, and resources). Design usually involves analysis of the
desired behaviors, comparison to the existing state of the learners or their
prerequisite knowledge, selection of learning objectives to fill identified gaps,
planning of instruction to meet those objectives, and planning the assessment
needed to verify those objectives are met. During development, the production of
the learning materials and course content begins. This includes the creation of
classroom materials and learning modules for online learning. Implementation
includes all instances of implementation, from small-scale member checks to
pilot studies and on to large-scale implementation. Although considered a
separate step, evaluation actually occurs throughout each step of the process as
both formative and summative evaluation.

3.4.1 Analysis
Initial analysis included researching the needs of the stakeholders—
including the instructor, university departments, the fellowship program, rural
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schools, and potential students—to inform design of the objectives for the
course. Literature addressing the needs of online learners and teacher
professional development participants was referenced to aid in the analysis of
learner needs. Other information sources utilized in the course analysis included:
a) the learning setting, b) the principles put forth in the previously mentioned
NRC and NAS reports, c) available information about the learners, and d)
engineering standards.
In addition to the instructor’s desires as specified among the initial
challenges, the needs of each of the sponsoring programs as well as of the
program participants had to be considered in the design. Incorporating the needs
of the engineering college meant that the course should provide the history of
and foundational knowledge of engineering education, the status of pre-college
engineering, evaluation of existing programs, and curriculum design skills
needed for research and outreach purposes. The needs of the college of
education necessitated inclusion of theory-backed curriculum design instruction
and general strategies for integrating subject matter.
Based on information from the fellowship program, the participants were
expected to be professionals from STEM fields who were returning to school to
become licensed teachers of secondary math and science. We assumed they
would need to learn pedagogy, general and specific integration skills, and lesson
plan designing basics including creating objectives and designing effective
assessments. We also agreed that the students would need to learn to create
engineering design challenges that included requisite elements we had
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determined to be essential for effective problem-based instruction based on our
previous engineering education design experiences.
The goal of integrating engineering, just as is the case in improving math
and science scores in rural schools, meant that potential teachers would
probably need to obtain help in developing programs and obtaining curriculum
materials due to the lack of resources available in remote and often poor
communities (NRC, 2009). “Curricular knowledge” would help these future
teachers know more about the curricular choices available so they could begin to
create strategies to select proven interventions for specific contexts (Shulman,
1986, p.10). The need for pedagogical or teaching methods instruction for the
participants matched the needs of the learners and of the rural teaching program
(“Woodrow Wilson Indiana Teaching Fellowships,” 2010). As Shulman noted,
content experts need pedagogical content knowledge because when
“preconceptions are misconceptions, which they so often are, teachers need
knowledge of the strategies most likely to be fruitful in reorganizing the
understanding of learners” (1986, p.9).
The majority of the instruction was to take place in a classroom designed to
seat thirty students in pairs at tables, and a computer and projector would be
available for the classroom. The three-credit hour class would meet weekly
sixteen times for three hours each during the evenings of the fall semester. The
possibility of including students from other programs actually supported the
original intent to use the blended learning environment. Because the added
programs had large numbers of international students, the instructor now
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anticipated that the course enrollment would include international students for
whom English would be a second or third language. I consulted social presence
research in online communities that showed that some learners are more able to
build a social presence, and thus participate more, when given the opportunity to
build relationships in a hybrid setting that includes both face-to-face interaction
and online discussions (Gunawardena, 1995; So & Brush, 2008). Thus, I decided
to consult additional research on social presence for international students to
help shape the hybrid design to meet those students’ needs (Tu, 2001; Tu &
McIsaac, 2002).

3.4.2 Design
In the design stage (detailed below), performance objectives were first
created to address the needs gathered from the analysis (Table 3.1). Those
objectives then guided the task analysis and instructional strategy design. In the
absence of an existing textbook geared towards this course, an extensive
literature review was necessary to find appropriate reading materials for the
course. Finally, I outlined a complete schedule of instruction that included
assignment descriptions, grading scale, and course policies.
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Table 3.1 Summary of Design Needs
Confounding Factors
No textbook
Need to find or create content
Wide scope of potential content
Hybrid learning environment
Balance online versus face-to-face
would be needed.
Online instruction misaligned with
instructor strengths
Participants
Variety of students
Technological skills and access
unknown
Course sequence unknown
Pedagogical knowledge expected to be
low or non-existent
Already coming from diverse
backgrounds and planning to teach
different courses (e.g. math or science)
Non-native English speaker needs.
Problem Based Learning
Hard to fit objectives into PBL
Did not think it fit with instructor
strengths
Difficulty level hard to control due to
variety of content and student lack of
content knowledge
Issues
Unique Course

3.4.2.1 Course Objectives
The first literature reviewed in the analysis step included widely distributed
reports from the NRC and NAS that not only outline content appropriate for precollege engineering but also include a model of integration and chart a brief
history of the movement. Engineering in K-12 Education (2009) provided the
background of and the arguments for integration as well as some content, policy,
and professional development suggestions that I considered for the course
(NRC). Technically Speaking (2002) added background information and provided
the definitions of technology and technology design that would be key points of
the instruction. Standards for K-12 Engineering Education? (NRC, 2010)
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provided models of integration and additional specifics about appropriate content
for pre-college engineering. Finally, my early work on the presence of
engineering in different education standards (Strobel, Carr, Martinez-Lopez &
Bravo, 2011) helped to further the knowledge base for the content of the course.
Following an initial needs assessment and literature review, I had
proposed a preliminary list of twenty-five objectives in two categories. The
instructor felt that the large number of objectives was overly broad and would
detract from the depth of learning that he desired. I found it difficult to navigate
between the large scope of the class and the instructor’s desire for depth. After
several iterations, we decided to focus the instruction on four main concepts: 1)
Engineering and STEM Education, 2) Integrated Instruction, 3) Instruction and
Application, 4) Self-Assessment and Improvement. Within those concepts, we
agreed on fourteen objectives (Figure 3.1).
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Figure 3.2 Course Objectives from Syllabus of First Implementation

Refining and reorganizing the objectives focused the instruction to make it
both in-depth and manageable. Even though the list of objectives had decreased
in number by eleven, I used the instructor’s feedback to combine some
objectives and to eliminate cases of redundancy.

3.4.2.2 Reading materials
In the absence of a single pre-existing textbook for teaching engineering
at the secondary level, I needed to assemble a collection of readings to meet the
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needs of the students and to support the course objectives. We decided that
assigning Engineering in K-12 Education (NRC, 2009) and Technically Speaking
(2002) in the first two weeks of the course would build students’ background
knowledge and provide a preview of the semester.
I identified a collection of journal articles appropriate for building student
background knowledge to help support discussion and project work throughout
the semester. Like the objectives, the reading list went through several iterations
because the initial list was twice as long as practical. The second and third lists
were similarly long. The instructor removed many of the articles from the list, and
I replaced many others as the literature review process gained focus. It became
necessary to focus on the sequence of instruction, assignments, and class
activities before the completion of the final reading list (Figure 3.2). At this time,
we also decided that students would be required to provide some of the course
reading materials throughout the semester so that they could the direct their
projects; this would expand the scope of the course to include individual student
interests.
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Figure 3.3 Reading Materials from Syllabus of First Implementation
.

3.4.2.3 Sequence of learning and content
An early issue that arose in the design of the course was the difficulty of
balancing PBL with the kind of structured learning experience that would meet
the extensive list of objectives. In PBL, an instructor usually presents a problem,
then students frame the problem and seek out the resources needed to solve it
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(Savery & Duffy, 1996). As the designer, the PBL method seemed to me to
conflict with attempting to meet specified objectives.
I began to feel more at ease about the prospect of implementing PBL in
the course after learning through our many discussions that the instructor had
experience in leading PBL instruction in ways that completely contrasted with my
experience as a student (described in section 3.3.3). I also learned more about
PBL from reviewing more literature and found it to be a more flexible approach
than I had originally thought. Out of the considerable amount of PBL literature I
reviewed, I chose to use Savery (2009), Savery and Duffy (1996), and Jonassen
and Hung (2008) to frame the design of the PBL portions of the course. Two of
the key components of PBL instruction, modeling higher order thinking by asking
probing questions and challenging the learners’ thinking (Savery & Duffy, 1996),
aligned nicely with the instructor’s style.
From the research, it became apparent that the issue of problem difficulty
presented the major challenge in implementing the PBL instruction. Jonassen
and Hung (2008) present a model for evaluating problem difficulty in terms of
complexity and structure. Referencing that model, I found several issues of
concern for designing a problem of the appropriate level of difficulty in terms of
complexity, intricacy of procedures, abstraction, expected level of attainment,
and breadth of domain knowledge needed. To control the problem structure, we
needed to define the problem clearly and limit the number of viable solutions.
Since the course naturally involved large amounts of interdisciplinary knowledge,
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a large contributor to the overall difficulty, keeping these other factors in check
became even more important.
The instructor agreed that the overarching problem, the key learning
challenge framing the course, would be the design of a comprehensive unit of
instruction that would integrate engineering instruction and activities with math
and science instruction. Each of the smaller parts of the overall unit acted as
smaller PBL problems that the reading for each week would support. Placing
these smaller problems inside the framework of the larger problem provided a
structure of smaller problem solving cycles and balanced the difficulty level that
the other issues caused.
To further support the PBL model, students would solve simple PBL-type
problems requiring only a short amount of time during some of the class
sessions. After working on the problems, the class would then discuss the
problems and their implications for teaching practices. Additionally, the large
project required students to turn in and share the smaller portions on a regular
basis to help fulfill PBL principles of developing and challenging learner thinking,
and promoting critical thinking and social negotiation. At the same time, the
cyclical nature of the group discussions, peer-review, instructor feedback, and
final reflections on pieces and processes would aid the instructional designer in
the iterative course design process (Savery, 2009).
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Beyond the conditions necessitated by PBL, a logical sequence of instruction
and discussions helped build a shared foundation based on the literature. We
agreed on the following progression of topics for class discussion:
1. Concepts of Engineering and Engineering Education
2. STEM Education, Engineering, P-12 Integration
3. Engineering Design, Engineering Thinking
4. Existing Programs
5. Technological Literacy
6. Model-Eliciting Activities and Problem Based Learning
7. Integration Models and Strategies
8. Case Studies, Active Learning
9. Engineering Thinking, Standards and Assessment
10. Engineering Roles and Types of Engineers
11. Engineering Design Process as Pedagogical Tool
12. California Engineering and Technology Alliance Standards, Felder’s
ABCs of Teaching Engineering (Felder & Brent, 2004)
The rationale for this progression was that readings about the current state of
engineering education, engineering concepts, and technological literacy could
provide an early foundation for all of the students. Looking at existing programs
would allow students to see what works and does not work in other schools.
They would also be able to see specific types of activities and possible strategies
to adapt for their instructional units. I wanted students to compare the conceptual
standards introduced in the early readings to concrete examples of existing
engineering instruction to help students strengthen the objectives of their
comprehensive unit of instruction. I also wanted the sequence of instruction to
prepare students for the weekly work on the smaller pieces of their units that
were expected to be shared and discussed on certain dates.
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Figure 3.4 Integration of Content Matter by Infusion and Mapping
(NAE, 2010; Schoedinger, Tran & Whitley, 2010)
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In addition to PBL, other specific strategies of instruction discussed in the
class included facilitating higher-level thinking through hands-on, studentcentered activities such as engineering design challenges and Model-Eliciting
Activities (discussed in the following section). Instruction through the use of case
studies was another feature that required students to locate and analyze case
studies that could be used in high school classrooms.
Instructional design was embedded in class discussions and readings on
active learning and integration strategies. The NRC standards report (2010)
outlines two methods for integrating engineering into curricula: infusion and
mapping. It explains that infusion involves inserting engineering into other
content standards while mapping involves creating connections to existing
content to find opportunities to tie two subjects together. Existing standards found
in the early work of Strobel et al. (2011) and mapping by the Ocean Literacy
Network (Schoedinger, Tran & Whitley, 2010) provided examples (Figure 3.3) for
practice. Further, Davison et al.'s (1995) five types of integration for math and
science teachers (discipline specific, content, process, methodological, and
thematic) were selected to be discussed by the course participants and applied in
the students’ units.
3.4.2.4 Assessment of student learning
A combination of activities and the large course project were designed to
help the instructor and the learners assess change in students’ conceptualization
of engineering and engineering instruction throughout the course. The
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assignments were designed to prompt student writing and reflection that could
reveal their understanding of the engineering concepts and engineering
instruction strategies. For example, students were asked to make concept maps
about Engineering and Teaching Engineering at the beginning, middle, and end
of the course and post those to the discussion area of Blackboard so the class
and instructors could discuss misconceptions as well as build a consensus view
of teaching engineering at the secondary level. Additionally, online discussions
were intended to allow students to process the information and to pose questions
to each other and the instructor.
Another valuable activity for the students was designed to help build the
students’ curricular knowledge by challenging them to locate existing pre-college
engineering programs and learning units and to compare them through selfcreated rubrics. Students would then share and discuss their rubrics/ranking
processes and findings about the programs, which then helped to build the
shared knowledge that was to be a theme throughout the semester.
The first part of the instructional unit design project was to write a letter of
advocacy for engineering education, as a way to build curricular knowledge and
prepare the future teachers to promote the integration of engineering in their
schools. Advocacy for engineering education and technological literacy is
important for furthering their inclusion in curricula and advocacy skills would be a
valuable tool for participants in the course who could potentially have to advocate
for their programs and funding in the future. By composing this advocacy letter at
the beginning of the course and then returning to revise it as part of their final unit
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presentation, the course participants would have an opportunity to synthesize
and articulate their learning throughout the semester.
The semester-long instructional unit assignment not only modeled an
authentic task for a future teacher, researcher, or instructional designer (Strobel
et al., 2013), but also was intended to cause students to do in-depth research on
methods of integration and curriculum design. In addition to the advocacy letter,
required elements of the assignment included an introduction or project overview
and a timeline that were to be designed early in the semester and intended to be
dynamic, or subject to many changes throughout the semester. An assessment
plan and sample assessments and rubrics were required to be added to the
project overview throughout the semester. While the units never required the
creation of formal lesson plans, two specific types of activities were required,
engineering design challenges and Model-Eliciting Activities (MEA). Engineering
design challenges ask the students to utilize PBL in the context of engineering
and to integrate content knowledge with an engineering design process so that
both are prominent factors. The MEA assignment was to be the final piece of the
integrated units. MEAs are activities centered around a math-based, ill-structured
problem where the solution is a model or process that can be applied to
additional sets of data (Diefes-Dux, Hjalmarson, Miller & Lesh, 2008).

3.4.3 Development
The development phase of the project utilized the Blackboard system to
accompany the face-to-face instruction (Figure 3.5). During this stage, I designed
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extended assignment descriptions, rubrics, discussion prompts, and other
implementation materials. Development for the online portion of the course
required creation of learning modules to provide a structured organization for the
instruction. Each module contained links for accessing the reading materials and

Figure 3.5 Layout of the Blackboard Used in the First Implementation.

the related discussions and activities. The primary focus of the development was
the Discussions section (Figure 3.6) and providing general advice on successful
discussion postings based on previous courses that I had taken (Newby, 2009) to
help the students maximize the value of the discussions. The design stage had to
be revisited, as often occurs during the instructional design process (Peterson,
2003). New information and constraints during the development stage meant that
I was not able to formatively evaluate (other than limited instructor feedback) the
online portion of the course before the first implementation. I was still making
final tweaks only hours before the first class session. The initial development of
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the Blackboard page ended up being full of errors such as missing files or files
that were hard to identify due to a haphazard file naming system.

Figure 3.6 Discussions Frame from Blackboard Page from First Implementation

3.4.4 Implementation and Evaluation
The course was first implemented in Fall 2010. Nineteen students
participated in the course throughout the semester; nine students participated all
the way through, from beginning to end, and were eligible to provide pre and post
data. The data in this case was comprised of concept maps, student products,
instructor feedback, and student interviews conducted two months after the end
of the course by an undergraduate research assistant. Additional data came from
designer notes and usage statistics provided by Blackboard. Additional feedback
was gained from discussions with engineering faculty and engineering education
experts at the Science and Math Teacher Imperative Conference hosted by the
Association of Public and Land-Grant Universities. The primary focus of the data
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analysis was to determine design failures and opportunities for improvement.
Learning outcomes helped me to determine the “success” of the course; the
other data provided insight into changes needed prior to the second year of
instruction.

3.5

Outcomes

The concept maps, class discussions, and integrated units showed growth and
change in students’ pedagogical knowledge and content knowledge model
eliciting activities and engineering design challenges were exemplary according
to the instructor and have potential for immediate use in secondary and postsecondary engineering contexts (Figure 3.7). Initial concept maps demonstrated
students’ ability to make theoretical connections between math, science, and
engineering, while their final concept maps gave concrete examples of
knowledge of integration and specific instructional strategies from the activities,
assigned readings, additional self-selected readings, and individual research.
The depth of change indicated in the concept maps showed gains for those with
little engineering background, and shifts in thinking about the pedagogy behind
engineering education for those with engineering backgrounds. Figure 3.8
represents the level of complexity developed through the course. This student’s
first concept map showed some theoretical relationships between the subjects
but the final concept map identified specific relationships between subjects and
specific strategies for connecting them.
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Figure 3.7 Sample from Student Designed MEA
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Figure 3.8 One Student's Concept Maps from Early and Late Semester.

I used Novak and Gowin's (Novak, 1984) concept map scoring system to
statistically compare the concept maps from the beginning of the semester with
the end-of-semester concept maps. The scoring method looks at three primary
features that were found in the concept maps of these students. Propositions are
evaluated to determine if the relationship between concepts is properly displayed
with connection lines and proper terminology. Hierarchy concerns how the
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concepts are displayed from general to more specific levels. Cross links are the
links that connect separate segments of the concept maps. Propositions are
awarded zero or one point, hierarchy levels are awarded up to five points, and
cross links are awarded up to ten points. The concept maps in Figure 3.8 were
scored as 18 points for propositions pre and 37 points for post, 15 points for
hierarchy pre and 15 points for post, and 20 points for cross-links pre and 50
points for post. Table 3.2 shows the overall comparison of pre and post based on
means and shows the levels of change significant at a 95% confidence level for
propositions (t=14.14, p=0.00), hierarchy (t=8.72, p=0.00) and cross links (t=8.50,
p=0.00). The concept map scoring supports other findings that the students
learned the course content and were able to make connections between
concepts. For this course, making connections between concepts was important
due to the integrated nature of the material both across the content areas of
math, science, and engineering but also between the subject areas and teaching.
Table 3.2 Concept Map Analysis Scores from First Implementation
Pre
Post
% Change
Propositions
18.75
35.25
88
Hierarchy
20
26.25
31
Cross Links
27.5
44.5
62

3.5.1 Insights and Changes
In this case, insight refers to the results of critical analysis of the
information available that can inform redesign decisions. Student feedback
provided more information than the concept maps and student products. Some of
the positive comments from the students included overall satisfaction with the
course and self-reported gains that would benefit their pedagogy, instructional
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design, and research. Multiple students reported downloading and using all of the
literature that was provided; one even shared it all with several classmates from
another course. Two students reported that they had begun to design research
projects in engineering education based on the influences of the course. Two of
the students were active high school teachers and had already changed their
teaching significantly, especially by implementing engineering integration as early
as the sixth week of this course.
Most students indicated that the work load was far too heavy for some of
the weeks, which led to the lack of participation described below for the online
learning portion of the course. Others stated that the online discussions and the
face-to-face discussions were redundant and overly time consuming. These
comments were all carefully considered. In addition to revisiting the decision for
the blended learning environment, I decided to eliminate the mid-semester
concept map and reduce the reading for the weeks before the bigger deadlines. I
also reduced or replaced redundant articles with articles that are more relevant
and articles that provided more synthesis. In addition, the student-selected
readings were formalized into the new syllabus so that the students would
receive credit for their efforts and additional reading loads were reduced for
specific weeks. Although none of the student-selected articles from year one
were added to the year two syllabus, the subjects of the articles influenced the
selection of new articles. In-class discussion revealed that students were
interested in learning more about specific instructional design methods, so I
added such readings in the middle of the semester and to the syllabus for the
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second implementation. Even though these articles added to the reading load at
a particularly busy part of the semester, students cited them as the most useful
articles of the course.
Another change made in response to the comments and written reflections
about the need for more specific instructional strategies was to implement
regularly scheduled hands-on activities throughout the semester. During the
second year, I led the class in engineering design challenges that I had
previously used with elementary school teachers and students. The students
were given the opportunity to lead in-class activities later in the semester by
teaching their engineering design challenge lessons to the class. They also led
the class through the first half of the MEAs that they designed, which was a midsemester modification to the syllabus. Following all of the class activities, the
instructor led discussion of the activities, including implementation strategies, and
prompted students to modify each lesson so they would be differentiated for
varied learners and would accommodate the needs of a diverse range of
learners.
The usage report from Blackboard only served as statistical verification of
the apparent failure of the blended learning environment. The students primarily
used only the management functions of the system, i.e., obtaining files,
accessing grades, and viewing important announcements that would pop up
whenever Blackboard was accessed. Usage of the assignment drop boxes
dropped significantly in the early portion of the semester and was abandoned
altogether by the instructor. Requiring students to submit an assignment to the
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drop box, post it in the discussion board, and to discuss it in class and online
proved to be too confusing and too much work. The discussions also dropped off
significantly early in the semester with a few short-lived discussions occurring
later in the semester when a few students posted drafts of their MEAs and
integrated units. Instructor reminders, notices, and discussion facilitation did not
seem to improve the level of discussion. In the redesign of the course, the
blended learning environment was eliminated except for using Blackboard to host
the files for the reading assignments and for placing additional resources. The
files were named in an organized fashion to make them easier for students to
find.
The instructor felt very strongly about keeping some form of accountability
for the reading for year two beyond student participation during discussions due
to previous experience with classroom loafers. I suggested the requirement of
weekly written reflections on the readings, which would also provide more detail
on the students’ understanding, attitudes, and growth throughout the course. The
instructor modified this idea to require students to print and distribute copies to
small groups at the beginning of class, when they would then read the reflections
prior to the group discussions. The rationale behind this was that it would provide
a more advanced starting point for the discussions, reward the students for their
efforts, and increase their motivation to provide better reflections due to the
accountability factor. The grading structure was also changed to provide more
reward for the weekly reading and reflection. This format proved to be effective in
year two, as it allowed for additional time for the in-class activities, yet became a
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problem when students continually forgot to provide printed copies of their
reflections. The solution to that problem was to have students email their
reflections prior to the class and the instructors would print them.
The objectives of the course remained mostly unchanged for year two with
a few objectives being replaced with the topics of social justice in engineering,
communities of practice, and connecting engineering to workforce forecasts. In
addition, readings related to instructional design were added to fill a gap that
appeared in year one. Students were introduced to various models of
instructional design and then the class focused on Jonassen’s model (1997,
Figure 3.9), as its six-step instructional design process for creating ill-structured
problems focuses on real-life applications and includes the use of case studies in
the design process to ensure relevance, which aligns with the course objectives.

Figure 3.9 Jonassen's Model for Designing Ill-Structured Problems (1997)

These changes stemmed from the student-selected reading, student
interviews, and the aforementioned peer debriefings at the conference. The
intended PBL focus was lost on several of the students as the course design did
not quite reflect the true principles of PBL. While PBL was still included in the
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reading and discussion in year two, it was not a primary focus. Judging from
student responses in year two, the PBL reading and discussion seemed to be
better situated in the instructional design portion of the course.

3.5.2 Year Two Reflection
The weekly and final reflections for year two revealed a large change in
student understanding of course material and the methods presented in readings
and discussion, as well as movement away from initial uncertainty about
engineering’s place in education. Some students began with little understanding
of engineering or engineering education and finished with a developed concept of
its place and the ability to design instruction for a complete, integrated unit.
Eliminating the online portion of the course, adjusting the focus of the instruction
to include more discussion of instructional design and social aspects related to
engineering, and adding more hands-on activity examples of engineering
instruction proved to be successful in the second implementation of the course.
The concept map assignment was less structured in year two because the
instructor wanted it to be more open-ended; it still provided a variety of depictions
of changes in student knowledge, yet could no longer be measured with the
scoring system used in year one because students used different formatting (e.g.
the linear diagram illustrated in Figure 3.10). The weekly written reflections not
only freed up more class time for the activities but also were an effective way of
holding students accountable for their reading assignments.

Figure 3.10 End of Semester Concept Map of Engineering Education from Year 2.
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All of the students enjoyed the additional in-class activities and comments
in the end of semester reflections were very positive. Students indicated that they
were able to think of many ideas for future integrated activity designs after
experiencing the activities and after being challenged to modify the lessons. The
students were also pleased with the opportunity to lead their own activities
despite difficulties and failures in some of the lessons. One student commented
that he could recall a switch flipping inside his head during one of the activities
when he finally was able to connect all of the literature together. Another student
requested permission to flip the integrated unit assignment structure so that he
could better express his understanding. He said he was having trouble
connecting the concept of integrating engineering into math and science and
waned to approach the problem in a manner that made sense to him. He
designed an integrated unit that focused on engineering design that integrated
math and science concepts into it as opposed to most other units that integrated
the engineering into other subjects. In addition, students with instructional design
experience in technology education were able to expand their content through a
more purposeful approach to engineering design and modeling. They expressed
satisfaction that the course took their lesson ideas to new levels.
Through the weekly and semester-end reflections and discussions, it was
apparent that one student was extremely resistant to everything that he read or
discussed. However, near the middle of the semester, his reflections evolved
towards not only accepting the need for integration of engineering into precollege curricula but also enjoying the course and activities. The lowest point in
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the semester for this student revolved around the social justice and workforce
readings and discussions. As he was not the only student to have difficulties with
one of the articles chosen for social justice, it was decided this article should be
replaced in future iterations.

3.6

Conclusion

The design of the Integrating Engineering into Secondary Math and Science
Curricula has been through two cycles of the design process from analysis to
evaluation and redesign. A problem-based approach was used in the instruction
of graduate students, and current and future secondary teachers of math and
science, in order to teach methods and strategies for integrating engineering into
pre-college curricula. Preliminary findings show that the course was successful in
meeting the stated objectives and the potential impact of the course on the
research and teaching of course participants shows promise. Further research,
including longitudinal interviews and surveys, will be implemented to further
determine the long-term value of the course. Following up with the students has
and will allow me, the course designer, to assess the quality of teaching and the
value of strategies promoted and can be used to direct improvements to the
course in future semesters, much as it did from year one to year two. The
instruction from the model-eliciting activity portion of the course was extracted
and used in model-eliciting instruction workshops for teachers, math facilitators,
and researchers in Hawaii, Indiana, and Florida in online, videoconferencing, and
face-to-face formats. The most recent iteration of the course is being utilized in a
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completely online setting by another university’s master’s teaching program,
which will provide additional feedback for future improvement.
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CHAPTER 4. DESIGN AND STUDY OF MCINEDP: METACOGNITION FOR
REFLECTIVE DESIGN IN PRE-COLLEGE ENGINEERING

4.1

Abstract

Engineering continues to make its way into pre-college classrooms as part
of the science, technology, engineering, and mathematics (STEM) education
movement. A need for empirically supported engineering curricula that promotes
engineering habits of mind and higher thinking skills provides a place for
MCinEDP, Metacognition in the Engineering Design Process, as a means of
promoting reflective design. This study outlines the design and evaluation of
MCinEDP, which combines explicit instruction of metacognition as a construct
that consists of two sub-constructs, knowledge and cognition, and regulation of
cognition. Qualitative analysis of data from two pilot studies informed revisions
prior to the evaluation study detailed here. A quasi-experimental study design
compared students in grades three through five from one school as cohorts
based on their level of experience with the intervention. Cohort comparison found
larger gains for the group that had no previous experience and small, mixed
results for students that had already participated in the pilot studies. Regression
analysis showed that previous levels of knowledge and regulation of cognition
along with level of experience influenced the amount of change in scores from
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pre to post. A teacher interview provided further information about the
implementation. Study limitations and research implications have been included
to provide information about future and improved evaluation of the intervention.
Improvements to the design of the intervention and the teacher preparation
materials added to the significance of this study.

----“I am absolutely convinced that there is, overall, far too little rather than enough
or too much cognitive monitoring in this world. This is true for adults as well as for
children” (Flavell, 1979, p. 910).

4.2

Introduction

A growing number of American schools are now integrating engineering
instruction into their pre-college curriculum to increase science, technology,
engineering and math (STEM) proficiency with the intent to better prepare a
competitive labor force and highly qualified college students (National Academy
of Engineering, 2005). In 2009, the National Research Council (NRC) made a
call for promoting engineering habits of mind through technology design
challenges that encourage student reflection and design iteration while solving
open-ended problems. Metacognition has been identified as one of sixteen habits
of mind and an essential component of the remaining fifteen (Costa & Kallick,
2000). Because engineering design has been found to promote and require the
higher-level thinking skills that metacognition instruction helps build (Barak,
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2010), it is surprising that more research has not been done on metacognition in
engineering education, particularly at the pre-college level.
Metacognitive skills, or cognitive regulation, are similar terms that
encompass reflection, critical evaluation, and active monitoring of cognitive
functions and strategies (Brown, 1975; Kreutzer, Leonard, & Flavell, 1975;
Palincsar & Brown, 1987). Research has treated metacognition as a higher-level
thinking skill that is naturally fostered through constructivist, problem-based
learning in the classroom (Savery & Duffy, 1996) and in engineering practice in
the field (Bybee, 2006; Dixon, 2011).
Formal engineering instruction at the collegiate level is often associated
with problem solving (Dym et al., 2005) and problem solving instruction where
evaluation and reflection are skills needed throughout the solution design
process. Metacognitive skills are valuable in defining problems, evaluating
possible solutions, and reflecting on the outcomes of testing as well as on how
one uses the process. Expert problem solvers have high metacognitive skills
(Lester, 1994); therefore, expert engineers should have high metacognitive skills.
Though the goals of pre-college engineering, particularly at the elementary level,
are not to develop expert engineers, even novice engineers need to develop their
abilities for reflective design. In MCinEDP, reflective design includes reflection on
the design goals, the design process and the outcomes of each step of the
design process.
Instruction or training of metacognition is important at young ages (Wood,
Bruner, & Ross, 1976) because it has lasting effects that students can apply in
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school and in their personal lives (Pintrich, 2000). Since reflection skills
developed with metacognition instruction are essential for engineering design
proficiency, young students can raise their ability and self-efficacy regarding
engineering design (Crismond, Hynes, & Danahy, 2009). It is important to raise
engineering self-efficacy at a young age before adolescence when students
make life-affecting academic interest choices such as high school course
selection and potential career interest (Anderman & Maehr, 1994) that often do
not include engineering. Challenging perceived difficulty and content
misconceptions related to engineering can encourage students to see it as a
potential career choice in which creativity and refelction are valued (Chandler,
Fontenot, & Tate, 2011).
Despite evidence of the reciprocal effects between metacognition and
engineering design, only a small amount of research on metacognition in
engineering at the collegiate and pre-college levels is found. In one study of selfregulated learning and metacognition, metacognitive strategies of planning,
monitoring, and regulating led to increased grade performance for engineering
students (Lawanto & Sanotoso, 2013). Another study found that strategy
management skills helped students’ abilities to build mental models (Yildirim,
2010). Metacognitive writing assignments improved design explanations (Hanson
& Williams, 2008) while combining writing and explicit instruction have been
shown to increase creativity (Hargrove, 2013).
Meanwhile, research on metacognition in children and adolescents
abounds. Metacognition begins to develop naturally in young children (Brown,
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1987; Flavell, 1987; Flavell, Miller & Miller, 1993; Pressley & Ghatala, 1990) and
instruction has been successful for children as young as kindergarten (Annevirta
& Vaurus, 2006). Metacognitive skills transfer across domains (Borkowski, Carr,
& Pressley, 1987; Denton, 2009; Schraw, 1998; Wolters & Pintrich, 1998) when,
as research suggests, using social strategies of metacognition instruction (Brown
& Palincsar, 1989; Cross & Paris, 1988; Palincsar, 1984; Reeve & Brown, 1985;
Schwartz et al., 2009). In addition, self-assessment, strategy selection, and
monitoring of performance improve through explicit instruction (Blank, 2000;
Carr, 2009; King, 1991; Pressley, 2002; Pressley & Afflerbach; 1995).
A large amount of metacognition research already exist in the primary
subject areas of pre-college education. Metacognition research shows improved
problem solving in math (Kramarski, Mevarech, & Arami, 2002; Schoenfeld,
1992). Young readers learn to read for comprehension by applying smart reading
strategies (Palincsar, 1984; Pressley and Afflerbach, 1995; Reeve & Brown,
1985). Moreover, metacognition research in science has started to look at its
effect on model development and eliciting explanations (Blank, 2000; Swanson,
1990; Linn & Eylon, 2006).
Existing metacognition research in engineering shows that engineering
appears to be an effective context for metacognition instruction (e.g., Case,
Gunstone & Lewis, 2001; Cheville & Bunting, 2011; Davis et al., 2013; Hanson &
Williams, 2008; Hargrove, 2013; Lawanto, 2009; Lawanto & Sanotoso, 2013;
Yildirim, 2010). An overwhelming amount of research with children not only
shows that children's metacognition can be improved but also that metacognition

128
positively influences their learning (e.g., Pressley & Afflerbach, 1995);
metacognitive instruction can be effective in many content areas (e.g. Reeve &
Brown, 1985; Schoenfeld, 1992); and metacognition knowledge and skills
transfer across content areas (e.g., Wolters & Pintrich, 1998). Presently
unexplored, metacognition in engineering at the elementary school level appears
to be a unique opportunity to improve learning across the STEM content areas
while at the same time improving students’ knowledge of cognition and regulation
of cognition.
To study metacognition and answer the research questions, I developed
Metacognition in the Engineering Design Process (MCinEDP) as an intervention
to integrate metacognition instruction into pre-college engineering curricula. The
study described in this chapter examines MCinEDP in the context of an
elementary school engineering classroom (Grades 3-5) and outlines the design
of the intervention along with the methods and results of evaluation.
The MCinEDP design had the purpose of: a) building students’
metacognitive knowledge through direct instruction; and b) increasing cognitive
regulation through purposefully designed activities based on principles of
scaffolding and teacher coaching. MCinEDP uses in-time prompting through
questions that lead students to analyze and explain strategies in order to
increase spontaneous strategy use (Borkowski et al., 1987). Teacher modeling
further supports explicit instruction about metacognition, strategy selection and
transferability of strategies (Pressley & Gaskins, 2006). Group and whole class
discussions about metacognition and reflecting on responses to the prompts
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foster the social effects that improve metacognition (Palincsar, 1986; Palincsar &
Brown, 1987).
The evaluation of MCinEDP in this study investigates the relationships
among levels of metacognition when viewed as two factors, knowledge of
cognition and regulation of cognition, the amount of experience that students
have with MCinEDP, and grade.
The research questions that guided this study were:
(a) How does the intervention, MCinEDP, affect elementary students’
knowledge of cognition and regulation of cognition?
(b) What is the effect of the predictive variables (participation, grade, prescores) on elementary students’ knowledge of cognition and regulation of
cognition?

4.3

Literature Review

In this literature review, I provide definitions of metacognition that influenced
the operational definition used in this research. An overview of other research
that is relevant to MCinEDP follows. Finally, the models of metacognition and
models for developing expertise that feature metacognition, which served as the
foundation for MCinEDP, will be summarized and the model of MCinEDP will be
presented.
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4.3.1 Defining Metacognition
’Meta’ refers to a change of position, sense of going beyond or to a
second order or higher level, and ‘cognition’ refers to our faculty of
knowing or thinking. (Larkin, 2010, p. 3)
Many of the definitions of metacognition directly or indirectly involve the
term cognition. Schraw and Moshman’s (1995) synthesis of the theories of
metacognition summarized that most definitions and models of metacognition
center on knowledge of cognition and regulation of cognition. “Cognition includes
knowledge, skills, experiences and the information in symbolic form that goes
with them” (Vos & De Graaff, 2004, p. 544). However, “Cognition is involved in
doing, whereas metacognition is involved in choosing and planning what to do
and monitoring what is being done” (Garofalo & Lester, 1985, p. 164).
Flavell (1976) first coined the term metacognition, “one’s knowledge
concerning one’s own cognitive processes or anything related to them” (p. 232).
He wrote that cognitive monitoring and regulation, metacognition, are areas that
children are limited in but can be taught through metacognition experiences
focused on person, task, and strategy (Flavell, 1979). Previous work by Flavell
considered metamemory and a student’s ability to form a metaplan. Building on
that work, he referred to metacognition as “metamemory, metalearning,
metaattention, metalanguage, or whatever” (1976, p. 232).
Brown (1975) wrote of “knowing about knowing” when referring to work of
herself, Flavell, and others regarding metamemory (Brown, 1975). In 1978, after
noting the fad-like emphasis on metacognition studies, she provided a simple
definition of metacognition: “knowledge about one's own cognitions rather than
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the cognitions themselves” (p.10). When separating metacognition from the
other “metas” that were being studied, she noted, “as self-evaluation of one's
own performance cannot be objective, such self-interrogation must be
contaminated by one's own feelings of competence” (p. 10).
The concept of metacognition grew from research in cognitive psychology,
reflection, active monitoring, and critical evaluation (Brown, 1975, 1987; Flavell,
1975). Denton (2009) synthesized past research on reflection and tied Dewey’s
(1933) active reflection with Locke’s (1974) reflection as the “mind observing its
own procedures” (Denton, 2009, p. 3). In the early 1990s, Schoenfeld (1992)
traced the roots of metacognition and mathematical thinking from Plato,
Descartes, and Pólya to the 1970s research in mathematical education and
artificial intelligence development. He wrote, “Problem solving and metacognition
… are perhaps the two most overworked -- and least understood -- buzz words of
the 1980s” (p. 9).
Jacobs and Paris (1987) defined metacognition as “any knowledge about
cognitive states or processes that can be shared between individuals. That is,
knowledge about cognition can be demonstrated, communicated, examined, and
discussed” (p. 238). This definition helps to expand the social aspects of
metacognition and suggests that students can benefit by discussing their
metacognitive and cognitive strategies. However, their stated intent of specifying
that metacognition must be demonstrated was to “avoid false inferences about
the occurrence of metacognition when it cannot be observed or measured” (p.
238).
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For the purpose of this study, metacognition is defined as awareness and
regulation of cognition that includes strategy selection, task awareness, and selfevaluation. Metacognition consists of two subcomponents, metacognitive
knowledge, or knowledge of cognition (declarative, procedural, and conditional),
and regulation of cognition (planning, monitoring, and evaluation), most closely
associated with Brown’s (1978) model of metacognition (See section 4.3.4.).

4.3.2 Metacognition in Engineering
As engineering instruction expands into the K-12 classrooms,
metacognitive studies in college engineering programs can influence pre-college
engineering research and curriculum design. Engineering design activities
require the generation of innovative solutions to open-ended problems and put
students in collaborative groups that utilize and develop their self-management,
motivation, and monitoring skills (Bybee, 2006). When explaining why
engineering design activities would be ideal learning environments for
metacognitive instruction, Lawanto (2010) cited many studies that found
metacognition prepares learners to take charge of their own motivation, cognition
and emotion.
In recent years, metacognition in engineering has been studied at the
university level. Yildirim (2010) found that cognitive strategy and managing skills
of metacognition positively affected the modeling ability of college engineering
students. Case, Gunstone, and Lewis (2001) found that explicit metacognition
instruction, metacognitive prompts, and journaling have positive effects on
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second-year engineering students’ metacognitive abilities and awareness.
Hanson and Williams (2008) found that metacognitive writing assignments
improved metacognitive awareness and explanations of solutions for
undergraduate engineering students.
Engineering design alone has been found to positively influence
metacognition. Following participation in a senior capstone design course that
had no specific metacognition intervention, Lawanto (2010) found that
mechanical engineering students experienced improvement in self-appraisal and
self-management based only on completing the engineering projects that
involved group work and iteration. Another study used indirect metacognitive
reflection strategies over a ten-course engineering program. In this program,
Cheville and Bunting (2011) found that using case studies allowed engineering
students to respond to prompts to compare expert knowledge to their own, which
led to gains in metacognitive skill. Graduates of the Engineering Students for the
21st Century program rated those activities as the most beneficial for their
careers when responding to post-graduate surveys.
Research at the university level has shown that metacognitive instruction
can positively affect creativity in design situations. Hargrove (2013) conducted a
study to investigate the effect of metacognitive instruction on the creativity and
creative thinking ability of college “design students” over their four-year
undergraduate studies. Of the 120 participants, many studied in fields often
considered equivalent to engineering such as architecture, landscape
architecture, and industrial design; these fields often incorporate art in ways that
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most traditional engineering programs do not. The intervention included direct
instruction of metacognitive strategies and creative thinking strategies such as
direct association. Students participated in metacognitive practices and designed
metacognitive journals as well as “Metacog Blogs.” While the control group
participants, also from the same mix of majors, showed insignificant gains or
drops in scores, the treatment group participants had significant gains and
maintained improvement in creativity on both short-term and long-term
measures.
Finally, a study funded by the National Science Foundation (NSF),
currently in its fourth year and spread over seven universities, utilizes
metacognition and reflection as the foundation for a series of learning modules in
engineering courses (Davis et al., 2013). The Integrated Design Engineering
Assessment and Learning System (IDEALS) utilizes a six-step self-assessment
cycle for students to use when solving design problems in groups. Each step
includes metacognitive prompts and the cycle is used throughout each project.
Over the course of the term, students are asked to reflect in writing on teamwork,
professional development, and professional responsibility. Faculty members and
program alumni have reported significant professional skills development. Among
the students, they found that the skills were useful in and out of their careers and
cited self-reflection, identifying strengths and weaknesses, setting goals,
communicating, and building group skills among some of the more valuable skills
gained from the modules.
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The relationship between engineering and metacognition appears to be
established and significant for young adults at the collegiate level. Can similar
strategies lead to similar results when metacognition and engineering are
combined at the elementary level? First, we will look at metacognition studies at
the pre-collegiate level.

4.3.3 Metacognition for Children
Metacognition research evolved out of educational psychology research
with pre-school students. Currently, childhood metacognition remains the primary
focus for metacognitive research. Metacognition has been identified in very
young children and has been observed to develop through adolescence (Brown,
1987; Flavell, 1987), yet is naturally slow to develop and varies by individual
(Pressley & Ghatala, 1990). Children as young as three to four years old display
aspects of knowledge of cognition- when they first show signs of thinking about
their own and others’ thoughts and beliefs (Flavell, Miller, & Miller, 1993).
Children show signs of benefiting from metacognition as metacognitive
awareness has been linked to learning success (Pressley & Harris, 2006) and
can be developed through instruction as young as kindergarten and first grade
(Annevirta & Vaurus, 2006).
The primary focus of early research in metacognition instruction stemmed
from emergent language development and has since spread across not only
reading but also writing and second language acquisition. There seems to be no
shortage of metacognition research for children in not only specific subject areas
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but also regarding transfer of metacognitive knowledge and abilities, positive
effects of social metacognitive instruction, and explicit instruction.
Transfer of skills and knowledge is important because it helps teachers
make their instruction more efficient. Metacognitive skills are transferable to other
tasks and content areas (Schraw, 1998) when strategies are presented in a way
that learners will know that they can be transferred (Borkowski, Carr, & Pressley,
1987). Therefore, metacognitive skill instruction is context independent (Denton,
2009). Wolters and Pintrich (1998) studied transferability of self-regulated
learning components for junior high school students and found cognitive strategy
use and regulatory strategy use were very similar in math, social studies, and
English. In fact, transfer of self-regulation skills is even more important in
engineering because problem solving in engineering is usually interdisciplinary,
using math and science in consideration of social and cultural constraints
(Zimmerman & Campillo, 2003).
Shared metacognitive experiences through peer interaction are important
in metacognitive development because it allows students to socially construct
cognitive knowledge and share metacognitive strategies (Brown & Palincsar,
1989). Cross and Paris (1988) analyzed instruction designed to teach children
metacognition and reading comprehension and found it essential to design
instruction that offers students the opportunity to discuss their strategies.
“Interactive metacognition” (Schwartz et al., 2009) takes place when one
person monitors and helps regulate the learning of another in shared
metacognition. To investigate the effect of social interaction and shared
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metacognition, Schwartz et al. (2009) conducted a series of studies utilizing a
computerized, “Teachable Agent,” with which elementary school students could
interact. The computer presented a character that the students could teach
different skills to such as concept mapping and retrieving information from
informative texts. The students were responsible for monitoring and regulating
their character’s knowledge and reasoning, which required them to be able to
reflect on their own abilities. They found that the “interactive metacognition”
positively influenced student motivation to apply metacognitive skills, led to
increased performance in learning content material, and enabled them to transfer
metacognitive skills to another task.
Metacognition, affect, social strategies, and control are also key areas for
language learning. “In order for such learning to occur, learners must be able to
determine accurately what their needs are, and they must have the freedom to
take action to meet those needs” (Rivers, 2001, p.287).
In language acquisition studies, Palincsar and Brown (1987) found
enhanced memory skills, reading comprehension, and written expression when
classroom teachers delivered purposeful metacognition instruction. Palincsar and
Brown (Palincsar, 1984; Reeve & Brown, 1985) found that their model of
reciprocal teaching for reading instruction, built on models of tutoring and
scaffolding of metacognitive activities (questioning, clarifying, summarizing and
predicting), have produced sizable and significant gains in comprehension,
strategy acquisition, and transferable skills.
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Pressley and Afflerbach (1995) created a model of reading strategies
based on metacognitive attributes from think-aloud research of multiple reading
comprehension methods and found significant reading and metacognitive gains
from what they called transactional strategies. Pressley (2002) also found that
teaching reading through transactional strategies instruction (explicit instruction,
small groups, reflections, and teacher modeling) produced “metacognitively
skilled readers”, particularly when taught by “metacognitively sophisticated
reading teacher[s]” (pp. 304-305).
In mathematics instruction, a problem solving approach prescribed by
Schoenfeld (1992) serves as the basis for much of the research in metacognitive
mathematics. Elaboration of mathematical reasoning has been found to promote
content and metacognitive acquisition (Kramarski, Mevarech, & Arami, 2002).
Kramarski et al. (2002) noted the importance for the teacher to provide authentic
tasks with novel solution methods and found that metacognitive students
reorganized and processed information, represented models, compared
strategies, and elaborated in group problem solving activities.
Also in mathematics problem solving, Carr (2009) showed that students’
comprehension of projects, planning for solutions, and transfer of skills increased
after metacognition training and that the metacognition skills and knowledge
transferred beyond the math classroom. Similarly, Zimmerman and Campillo
(2003) reported high mathematics achievement scores and placement into
advanced classes for learners with high metacognition scores.
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King (1991) studied fifth grade students’ problem solving abilities following
explicit instruction in guided questioning and metacognitive strategies. The
treatment group performed significantly better on the final problem-solving tasks
than the comparison groups. Yet, perhaps more significantly, the treatment
groups provided better explanations and asked more than double the number of
questions than the students in the control groups.
Metacognition is an important, if not essential, part of science instruction
that is often overlooked (Linn & Eylon, 2006). Consequently, Blank (2000)
proposed a revised version of the Scientific Learning Cycle called Metacognitive
Learning Cycle, to highlight the importance of metacognitive skills and selfregulation in the science curriculum. She found that integrating metacognition
instruction into middle school science positively affected self-regulation and
learning.
In elementary school science, Swanson (1990) found that fifth and sixth
grade students with high metacognitive knowledge outperformed those with low
metacognitive knowledge on science related problem solving tasks; the effect
was consistent across student aptitude levels. Metacognitive abilities were tied
to reasoning, hypothesis production, evaluation, and transfer abilities that are
important for scientific inquiry. More recently, Schraw, Olafson, Weibel, and
Sewing (2012) found that metacognition scores for knowledge of cognition and
regulation of cognition directly correlated with higher knowledge scores following
a science field trip that featured hands-on, experiential learning.
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In high school science, Chiu and Linn (2012) argued that dynamic
visualizations, such as 3D representations of molecules, were essential to
improving understanding of important concepts of chemistry and other sciences.
However, previous experiences led them to believe that metacognition skills and
self-monitoring practice would improve the effectiveness of the dynamic
visualizations. Specifically, they studied the effect of promoting explanations as
metacognitive self-monitoring in relationship to the effectiveness of dynamic
visualizations for high school chemistry students. While the first study proved to
be unsuccessful because of the cognitive overload, the second study showed
that self-assessments embedded in technology-enhanced instruction were
effective when students responded to reflective prompts.
In one of few pre-college engineering studies of metacognition, Barak
(2010) found many secondary school engineering teachers lacked the
pedagogical knowledge to promote metacognition yet also found intervention to
be successful. In addition, a pilot study of the Design Compass software by
Crismond et al. (2009) with middle school teachers showed promise for the
computer tool’s design recording functions to help regulation during the design
process. The Design Compass records design steps of students as they
complete design challenges with teacher scaffolding promoting regulation and
monitoring. The software creates a design log for the students to use for real time
reflection and monitoring in case strategy adjustment is needed or to be able to
look back on previous stages for reflection and to help in troubleshooting. A main
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feature of the Design Compass is that it provides data to students to complement
their reviews since they will not be dependent solely on their memories.
In summary, despite the potential relationship between transfer of selfregulation skills, problem solving, and the interdisciplinary nature of engineering
(Zimmerman & Campillo, 2003), metacognition research in pre-college
engineering remains limited. A need for higher level thinking skills, or reflective
design, in pre-college engineering has been established. Research supporting
metacognitive instructional strategies at the elementary level supports the
effectiveness of social learning environments; explicit instruction; opportunities to
practice reflection; and situations for students to plan, monitor, and evaluate
strategies which engineering instruction already utilizes. Metacognition and
engineering instruction share a natural connection.

4.4

Methods

This study measured change in the metacognition subcomponents of
knowledge of cognition and regulation of cognition in order to evaluate the
effectiveness the intervention, MCinEDP, in an elementary school engineering
setting. This section will begin with an outline of the study context followed by a
description of the intervention design process which includes the design of the
model that informed the intervention, components of the intervention, and review
of two pilot studies in which the intervention was formatively evaluated. Data
collection details and methods of analysis used in this evaluation will then be
outlined. The research design, a quasi-experimental approach modeled after the
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Recurrent Institutional Cycle Design (Campbell & Stanley, 1966) will then be
described before the instrument and data analysis are outlined.

4.4.1 Context
The target population for the evaluation of MCinEDP in this study was
limited to elementary school students who participated in classroom engineering
design instruction. This sampling was comprised of approximately 134 students
from grades three through five from a private school in a large Midwestern city.
The participants were all students in a special engineering classroom
taught once per week throughout the school year by one teacher, who had been
recognized for expertise in teaching engineering to elementary students, as well
as for providing professional development to teachers new to the subject. The
selection of this classroom was based on the requisite need of MCinEDP for
students who receive high quality instruction in engineering and who are able to
participate in multiple engineering projects throughout the study; including at
least one prior to the study that introduces the engineering design process. The
intervention, MCinEDP, was designed to be implemented after students had a
beginning understanding of the engineering design process so that the two
processes were not confused and to reduce cognitive load.
Since some students had participated in previous pilot studies of the
intervention, MCinEDP, students’ data were grouped by the level of experience
with the intervention. Cohort 1 (n = 78) was comprised of students who had
participated in any amount of the metacognitive instruction. Students in Cohort 2
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(n = 56) had no previous experience with the MCinEDP intervention. Of the
Cohort 2 students (Table 4.2), 10 were in the fourth and fifth grades but had not
participated in the intervention pilot either because they were new to the school
or were not in one of the previous classrooms that received the intervention.
Table 4.1 Number of Students per Grade by Cohort
Cohort 1
Grade 3

Cohort 2

Total

46

46

Grade 4

42

2

44

Grade 5

36

8

44

Total

78

56

134

No compensation was offered for participation in this study. Student
demographic data for the specific sample was not available at this time but a
previous study found only a difference of two students when comparing gender
(Duncan, Dyehouse, & Strobel, 2011). The school website reports being more
diverse than comparable schools, indicating that 26% of students are not white
and 33% of students attend on scholarship (School Web Site, 2012). Student
data were excluded for each individual who did not complete the intervention,
pre-assessment, and post-assessment.
The students in grades four and five who had previously participated in the
pilot studies of MCinEDP, which took place over previous years, comprised
Cohort 1. During the pilot years, students went to engineering class two days a
week for one nine-week grading period. The students did not complete
assessments in the pilot studies, received minimal direct instruction about
metacognition, and were able to use a previous iteration of MCinEDP during two
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design challenges. The changes in the intervention since the pilot studies were
based on observations, teacher reports, and informal review of student
responses to metacognitive prompts. The third grade students in this study had
not received any intervention but did participate in engineering design instruction
during the previous school year. During the school year in which this evaluation
took place, students went to engineering one day a week for the entire school
year, and the intervention took place during the second half of the school year.

4.4.2 Intervention Design
The design process of MCinEDP followed ADDIE, a generic model of
instructional design that has served as the basis for many other instructional
design models. ADDIE involves a cycle of steps: Analysis, Design, Develop,
Implement and Evaluate, where each step informs the next (Crawford, 2004)..
This review of the design will follow the steps of ADDIE as they applied here.
In this case, the analysis step occurred naturally as the need for
metacognitive instruction became apparent to the designer/author through
observations, engineering curriculum design, teaching, and research
experiences. The design of MCinEDP involved the synthesis of metacognition
models, research, and constructivist design principles (outlined in the literature
review). During the development stage, the teacher material, intervention
strategies, and metacognitive prompts were created. The first two design
implementations were in the form of pilot studies in which the intervention
materials and teacher implementation strategies were formatively evaluated
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during portions of the two school years preceding this study. The results of the
pilot studies informed needed changes that were made during the pilot studies
and prior to this more formal study and summative evaluation.

4.4.3 Model of MCinEDP
The design of the intervention, MCinEDP, was based on models of
metacognition and metacognitive instructional strategies that were studied in
empirical research. In the next section, I describe the model that was developed
for MCinEDP and highlight the aspects of existing models of metacognition that
informed its design.
The model for MCinEDP (Figure 4.1) integrates a three-step
metacognitive process (Plan, Monitor, and Evaluate) with a three-step
representation of the engineering design process (Plan, Solve, and Test). The
three metacognitive steps reduce Brown’s (1978) four steps (Planning,
Monitoring, Checking, and Regulating) and reflect Metacognitive Control as
described in the expert learning model of Ertmer and Newby (1996). The aspects
that student reflect on during the three steps come from Flavell’s (1979)
Metacognitive Knowledge and are represented in the circles in Figure 4.1.
Students can reflect on the person (themselves or teammates), task (goals or
problem definition), or strategy (problem solving or design strategies) during each
metacognition step. Specific examples of their application are outlined inside the
arrows in the figure.
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Figure 4.1 Model of Metacognition in the Engineering Design Process

4.4.4 Models of Metacognition
Many, if not most, models and frameworks of metacognition have evolved
from Flavell’s original definition and model. Flavell wrote that metacognition
involved conscious monitoring and regulation of cognitive tasks (Flavell, 1976).
According to Flavell (1979, Table 4.2), a person has metacognitive knowledge
about themselves and others’ cognition, the task at hand and strategies that are
available to them when undergoing learning tasks. Metacognitive experiences
affect learners by causing them to a) revise, establish or abandon goals; b) add
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to, delete from or revise their knowledge base; or c) activate cognitive and
metacognitive strategies.

Table 4.2 Metacognitive Knowledge (Flavell, 1979)
Metacognitive Phenomena
Description
Metacognitive Knowledge

“… that segment of your (a child's, an adult's)
stored world knowledge that has to do with people
as cognitive creatures and with their diverse
cognitive tasks, goals, actions, and experiences.”

About:
•

Person

•
•

Task

”everything that you could come to believe about
the nature of yourself and other people as cognitive
processors”
“information available to you during a cognitive
enterprise” or “task demand and goals”

Strategy
“what strategies are likely to be effective in
achieving what subgoals and goals in what sorts of
cognitive undertakings”

Brown (1975) did extensive research on memory, strategy training, and
metacognition with mentally handicapped children in the area of reading. Her
model (Figure 4.2, Brown, Bransford, Ferrara, & Campione, 1983) showed that
learners could move from “autopilot” metacognition to conscious control.
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Autopilot

Central Executive

Conscious
Control

•Planning
•Monitoring
•Checking
•Regulating

Figure 4.2 Brown's Central Executive or “Regulation” of Metacognition (1983)

“It is the developing child's increasing ability to gain conscious control of and
regulate their metacognitive processes that determines the growth of problemsolving skills” (Reeve & Brown, 1985, p.347). For Brown (1978), metacognition
was seen as knowledge of cognition and regulation of cognition (the dependent
variables measured in the evaluation). Knowledge of cognition encompasses
everything that a person knows about cognition including one’s “own knowledge
about his or her own cognitive resources and the compatibility between the
person as a learner and the learning situation” (Baker & Brown, 1984, p. 353).
Regulation of cognition, then, constitutes the activities of what is known in
information-processing as the central executive: planning, monitoring, checking
and regulating (Brown, 1978) and are nurtured through scaffolding from adult to
child or expert to novice (Reeve & Brown, 1985).
Because models of expertise often involve metacognitive skills, two
models of developing expertise also influenced the design of the model and
intervention. To which, Henderson (1986) suggested that movement of learners
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from novice to expert is dependent on their abilities of self-regulation, selfevaluation, and reflection. According to Collins, Brown, and Newman (1989)
cognitive and metacognitive strategies have more effect on expertise than
conceptual knowledge.
Ertmer and Newby (1996) proposed a model of expert learning that
combined monitoring of behavior, controlling of behavior, and motivation found in
self-regulated learning, that used three phases (plan, monitor and evaluate). In
their model of expert learning, “reflection in action” (p. 16) is “the critical link
between the knowledge and control of the learning process” (p. 3). Here,
metacognitive knowledge, mental processes and strategies (Schmitt & Newby,
1986), can be increased through awareness, practice, and reflection. It includes
one’s own evaluation of personal resources and comparison of the task
requirements including strategy selection, motivation, and environmental factors.
In Sternberg’s model of expertise (1998), metacognition is, at the same
time, one of the five key elements (along with knowledge, learning skills, thinking
skills, and motivation skills) and found as a sub-element of the other elements. In
the model, reflection is the differentiator between novice (focused practice) and
expert (focused practice + reflective practice). Sternberg wrote that the elements
are interactive and that improvement in one influences the others. Metacognitive
skills used throughout the development of expertise include “problem recognition,
problem definition, problem representation, strategy formulation, resource
allocation, monitoring of problem solving, and evaluation of problem solving” (p.
17).
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4.4.5 MCinEDP Instructional Strategies
Metacognition is a skill that can be taught or improved, and MCinEDP
considers metacognition to include both knowledge of cognition (declarative,
procedural, and conditional) and regulation of cognition (planning, monitoring,
and evaluation) most closely associated with Brown’s (1978) model. MCinEDP
was designed to facilitate integrated instruction of metacognition and instruction
of engineering design through in time prompting via questions that should require
students to analyze and explain strategies to increase spontaneous strategy use
(Borkowski et al., 1987). Teacher modeling (Pressley & Gaskins, 2006) further
supports explicit instruction about metacognition, strategy selection, and
transferability of strategies. Group and whole class discussions about
metacognition and reflecting on responses to the prompts foster the social effects
that improve metacognition (Palincsar, 1986; Palincsar & Brown, 1987).
Pre-college engineering instruction typically focuses on designing
solutions to open-ended problems, systems thinking, modeling, societal impact of
engineering, types of engineering, and the work of engineers (Barak, 2010; Carr,
Bennett, & Strobel, 2012). Because engineering design problems are intended to
make use of mental models and metacognitive regulation in strategy planning,
monitoring, and evaluating (Dixon, 2011), integrating MCinEDP should have an
interactive effect with the engineering instruction. The two are a natural fit
because when designing solutions to problems using engineering design
processes, students need to use metacognitive strategies such as plan: set goals
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and analyze the task; monitor: track attention, self-test and question; and
regulate: continuously fine-tune cognitive activities and strategies.
Research about cognitive apprenticeships has also influenced the design
of MCinEDP. Collins, Brown, and Newman (1989) outlined strategies for utilizing
cognitive apprenticeships in reading, writing, and mathematics. Scaffolding,
metacognition, self-regulated learning, and development of expertise were the
foundation for a list of six teaching methods to use in cognitive apprenticeships:
modeling, coaching and scaffolding (to promote cognitive and metacognitive
development), articulation and reflection (to promote expert problem solving
skills), and exploration (to lead to learner autonomy).
Schraw (1998) suggested an “interactive approach that blends direct
instruction, teacher and expert student modeling, reflection on the part of
students, and group activities that allow students to share their knowledge about
cognition” (p. 123).

4.4.5.1 Explicit Instruction
In MCinEDP, students are first introduced to the term metacognition and
receive explicit instruction on cognitive strategies including those they may
already be familiar with from other subject areas such as mathematical
operations, reading strategies, mnemonic devices, or from everyday life such as
games and puzzles. Teachers are then asked to provide real examples of their
own use of cognitive strategies and to discuss how they use and can improve
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their own reflective practices. The instruction continues with comparison of
engineering design processes, that the students should already be familiar with,
and the metacognition activities they will use in subsequent design challenges.
The direct instruction concludes with the teacher leading the students through the
initial prompts used in the first challenge and prompting students to reflect on
their previous engineering design activity.

4.4.5.2 Steps of MCinEDP
Figure 4.3 represents the steps of MCinEDP (inside the arrows Figure 4.1)
and outlines at which points of the engineering design process that the students
respond to MCinEDP prompts and questions. A larger version of Figure 4.3 was
provided for the classroom and the steps of MCinEDP are placed in parallel with
the five-step engineering design process used in Engineering is Elementary
learning units from the Museum of Science, used in many classrooms across the
nation (Cunningham, 2007). Figure 4.3, created prior to revisions reflected in
Figure 4.1, was used in the classroom. The Plan step of MCinEDP occurs in the
problem definition space when the planning stage of the engineering design
process commences. The Monitor step of MCinEDP takes place during the
problem solution space when the group plans their design and how they will test
their design. The Evaluate step comes after the testing and evaluation of the
design solution. Just like the engineering design process, MCinEDP is designed
to be cyclical and the steps should be repeated for each iteration of the design. In
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the case of Evaluate, the final evaluation would be a comprehensive reflection on
the whole project.

Figure 4.3 Steps of MCinEDP Integrated with Engineering Design Process

4.4.5.3 Aspects of MCinEDP Reflection
A larger version of Figure 4.4 is provided to the teacher to use when
discussing the prompts with students and to post in the room so that students
can refer to it during their reflections. It illustrates the circles on the right side of
the model in Figure 4.1 and highlights the aspects of the task that teachers
should verbally prompt students to think about when they respond to the written
prompts.

154

Steps

Aspects

Plan

Person

Monitor

Task

Evaluate

Strategy

Figure 4.4 Steps and Aspects of MCinEDP

The text in the left side of the arrows in Figure 4.1 provides examples of
how the steps and aspects come together. In planning, students should reflect on
prior knowledge (person), goals, frame the problem (task), and what they need to
do or learn to solve the problem (strategy). Monitor occurs when building a
testable model in the engineering design process, and students evaluate their
plan before modifying strategies or reframing the problem. During evaluation,
students reflect on their thinking and metacognition throughout the project and
identify opportunities for improvement.

4.4.5.4 Other Implementation Considerations
Discussion is a primary component of MCinEDP. The specific intervention
adhered to the design implications from the previously cited research to utilize
instructional strategies in which metacognition is taught explicitly, modeled, and
scaffolded by the teacher and other students using social supports. Social
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supports are found throughout the intervention including group and class
reflection during the activities and in particular at the end of each design problem.
During each step of MCinEDP, and particularly in evaluation, the students
discuss their metacognitive responses such as strategies, goals, and prior
knowledge. In the teacher instructions (See Appendix A for teacher guide for
year two of the pilot studies), teachers will be provided with information similar to
that represented in the above figures to explain the prompts in better detail or to
use to probe for more depth in responses depending on the students’ ability
levels. Suggested prompts and discussion points will also be provided for the
teacher to use when introducing the metacognitive activities and for reference
when talking to the students about their responses.
In addition to the socially constructed metacognition in each project, the
classroom should collaboratively create a legacy project that could be a letter,
presentation, or video that tells future students about their design experiences
and metacognition. The legacy product is inspired by the STAR Thinking Smart
program that features group metacognition activities used in conjunction with illstructured problems (Schwartz, Lin, Brophy, & Bransford, 1999) and is an
essential element of the intervention design.

4.4.6 Implementation
The implementation step of the design process includes formative
evaluation of the intervention. In this case, the implementation came in the form
of the two pilot studies outlined below.
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Data collection was limited during the pilot studies so the researcher was
only able to make a small number of observations and to get verbal reports from
the classroom teacher. During the first pilot study, four observations were
conducted and conversations with the teacher occurred on a weekly to bi-weekly
basis. Only three observations were made during the second year pilot study but
conversations with the (same) teacher were more frequent.
Prior to the intervention, for both the pilot studies and this study, students
participated in activities that introduced: the engineering design process used in
the Engineering is Elementary curriculum (Cunningham, 2007); the roles of
engineers; and a broad definition of technological literacy in which technology is
seen as anything that is designed by humans to solve a problem or make life
better (Duncan, Oware, Cox, & Diefes-Dux, 2007). Once familiarity of
engineering and engineering design was achieved, as judged by the instructor,
the intervention started with direct instruction about metacognition and cognitive
strategies.
4.4.6.1 Year one pilot study
During the first year, the teacher reported that she did not have time to
explicitly, or formally, introduce metacognition prior to presenting the
metacognitive prompts to the students. She did tell them that there was research
that showed that metacognition is a tool that will help them think about their
designs. She built on the previous classroom discussions about engineers
designing technologies to solve problems and that those technologies are often
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referred to as tools. “We talked about how sometimes it's just a good idea to
sometimes just stop, take a breather, think about where you are; ‘think about: Do
you like the path that you are on?” She said she would ask, “Let’s really think
about where we are, how we are working. Do we need to work anything out
before we keep going”?
The teacher also reported many times during the first pilot study that the
students seemed to understand the prompts after she walked them through them
the first time. She found that she did not have as much time as she thought she
would and was unable to have group or class discussions with much depth.
When circling the room and looking over shoulders, she would notice that some
students would write only a few words in their responses while others would write
more. As students were not allowed to move on to the next step of their design,
they would hurry through the metacognitive prompts so they “could get their
hands on the materials and start building.”
The first observation in year one took place during the students’ second
experience with using the metacognition prompts. The researcher was able to
circle the room and observe the students writing their responses. During this
time, it became apparent that most of the responses by the students focused on
actions and steps of the engineering design process rather than reflecting on the
task, strategies, or personal knowledge and attributes. For example, in response
to the planning prompt, “What I already know that will help me do this task:” most
observed students responded by saying the engineering design process. Those
indicating that they did not understand the task were to respond to the prompt, “I
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do not understand the problem. So, now I will:”. Most students responded by
indicating the next step of the engineering design process, build. In response to
the observation, the teacher began to stress that the reflection was supposed to
be at a deeper level and to be about students’ thinking rather than actions.
Another result of the observation, the teacher noticed that the students did not
understand the prompts or their purpose.
The observer used a checklist during the third observation to better record
the nature of the responses to the prompts. During the particular activity, groups
were preparing presentations so they could “sell” their duct tape wallet designs to
“clients.” The researcher was able to view some of the student journals for
groups that had finished early. To increase variety of the observations, the
observer only recorded information from activities that occurred after the previous
classroom visit and only if the student had complete all three steps of MCinEDP.
Thirty observations were made for each of the written metacognitive
prompts and are reflected in Table 4.3 and Figure 4.5. The responses were
categorized to reflect their nature into seven categories: task/problem definition;
thinking/strategy/reflective; teamwork; object specific (i.e., about particular
aspects of the object not associated with design decisions); steps of the
engineering design process; design success (i.e., predicting success or failure);
good/bad (e.g., “I feel good.”); and off task. Table 4.3 provides an overview of the
nature of the responses for each question by category. Figure 4.5 illustrates the
nature of responses by category for all questions, combined.
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Table 4.3 Observed Student Responses to Prompts during First Pilot Study
Step / Prompt

Nature of responses (number of times observed)

Plan: What I already know that will help
me do the task:

Task / Problem definition (9)
Thinking / Strategy/ Reflective (8)
Teamwork (7)
Object specific (5)
Steps of the engineering design process (1)

Plan: I understand/do not understand the
problem. So, now I will:

Steps of the engineering design process [Build] (27)
Teamwork (2)
Thinking / Strategy/ Reflective (1)

Monitor: What I am thinking now:

Design success (14)
Object specific (6)
Steps of the engineering design process (5)
Thinking / Strategy/ Reflective (2)
Teamwork (2)
Off task (1)

Monitor: I do/do not understand:

Steps of the engineering design process (10)
Object specific (9)
Task / Problem definition (8)
Ease of task (2)
Teamwork (1)

Monitor: How am I doing (THINKING?)
now; because:

Design success (11)
Task / Problem definition (7)
Object specific (6)
Good/Bad (4)
Teamwork (2)

Monitor: I need to change:

Object specific (18)
Design changes (6)
Teamwork (5)
Task / Problem definition (1)

Evaluate: What I learned that will help in
the future:

Object specific (13)
Self reflection (6)
Teamwork (5)
Task / Problem definition (5)
Steps of the engineering design process (1)

Surface-level observations about the object being designed (Object
specific, n = 57) were most common and appeared more often towards the end
of the design process when students would be building or testing their model
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(e.g., “It is starting to look like a folder.”; “Hold it while taping.”). Steps of the
engineering design process (n = 44) were still the second most frequent
response typed with the majority (n = 27) occurring during the planning stage
despite the newly added emphasis on thinking. Overall, surface level responses
(Object specific, steps of the engineering design process, and good/bad; n= 105)
and reflective responses (task/problem definition, design success, teamwork,
reflective, design reflection, and ease of task; n= 104) were almost equal.
Object specific
Steps of the engineering design process
Task / Problem definition
Design success
Teamwork
Thinking / Strategy/ Reflective
Design reflection
Good/Bad
Ease of task
0

10

20

30

40

50

60

Observations

Figure 4.5 Observed Student Responses to Prompts during First Pilot Study
210 Student responses were recorded by the observer and grouped according to
the nature of response.

Although no formal data was collected during the first observation, the
researcher estimates that a large majority of the responses would have been
categorized as surface level. Therefore, this data indicates an improvement in
the nature of responses to the prompts. At the end of the first pilot study, the
teacher supported this observed improvement in responses, partially attributed it
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to stressing the importance of reflecting on thinking rather than actions. She
reported that she was able to more thoroughly check that students were
completing the metacognitive activities prior to moving on to the next step of the
design process. Students also began to ask questions about the prompts, and
the teacher was able to discuss their responses a little more as she and the
students became more comfortable with the intervention. The classes were able
to complete two to four cycles of metacognition during the pilot but there was not
enough time to have the whole class discussions for the evaluation step or to
complete the legacy product that was designed to have students inform future
students about tips and benefits of metacognition.
Following the first pilot study, the teacher requested to be able to continue
using MCinEDP the following school year because she felt that there were
improvements in the students’ metacognition responses and that it was helping
them to be designers who were more reflective. Changes were made to the
intervention to improve the implementation and to make it more effective.
In year one, explicit instruction of metacognition was only informally
discussed when the researcher told the teacher about previous experiences with
introducing metacognition to similar age students in web design classrooms. For
year two, a specific introduction to metacognition was designed and included an
activity designed to prompt the discussion of learning strategies, reflective
thinking, and the relationship between engineering and metacognition. Students
would be provided with the illustrations of MCinEDP and the relationships of the
steps and aspects of metacognition in Figures 4.3 and 4.4. A teacher’s guide was
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made with verbal prompts to utilize during the introduction and use of the
metacognitive prompts. The teacher expressed that she would attempt to
increase the use of discussion, if time permitted, to build on the social aspects of
MCinEDP.

4.4.6.2 Year two pilot study
The explicit instruction activity that introduced the students to
metacognition was successful in prompting class discussions about
metacognition and learning strategies. Students were able to recall how learning
strategies were used in other classes and informal evidence indicated that
students were aware that metacognition was a strategy that involved thinking and
reflection. It appeared that some of the students who had participated in the first
pilot study were able to connect the introduction to the previous year’s activities.
Some of the students recalled previously being confused by some of the prompts
and the prompts were discussed until the end of the introduction class period.
During the second year, the teacher also began writing the daily schedule on the
board and included metacognition on the list so that students would get used to
seeing the “big word on the board” and as a means of promoting reflection as
students would know that they would be expected to reflect on their design.
Another change from the first year to the second was implemented by the
teacher, who began to read the prompts to the students when passing them out.
This gave her the opportunity to refer to the aspects of metacognition to help
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stress that reflection should be at a deep level rather than a surface level. She
also indicated that she became more aware of chances to ask students if they
learned strategies in other classes that they could apply in solving their design
problems. “Can you think about anything you did in there that you can use here?”
While trying to figure out how to get more time to discuss the student
responses, the teacher indicated that she found great value in the planning
question that asks students to rate their level of confidence and the monitor
question that asks students how they are doing:
We were going to have to discuss why; and, I'm going to have to ask that
child who circled a one or a two, ‘What would make you more confident?
What could you change?’ Sometimes, you know kids, it could be ‘I want to
tie a string around the end of the project,’ which is not going to change the
function; so then you have to have a discussion with the group; ‘Could we
change that?’
When checking to see that groups had completed their metacognition, she
would pay particular attention to groups where one or two students would have
lower confidence in their designs. Groups where all of the members had high
ratings of confidence also raised her awareness. “If we looked around the table
and I saw everybody had fours and fives, I would say ‘talk about why you think
that's a good thing that we are all confident in this design?” Those discussions
were intended to promote the importance of accurate reflection so that students
would not band together and all rank their confidence as high so they could avoid
a discussion and move closer to their favorite part of engineering class, building
the models. Even during the second year, when the teacher felt confident that the
students better understood the importance of metacognition, the students still
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were resistant to the monitor step. “When we got to the monitor one, that's the
one they hated doing the most, like [stopping] mid-build and say[ing] ‘we are
going to do this.’ That was very painful.”
During the observations in the second pilot study, the researcher noted
that groups were having their own discussions about the responses to the
metacognitive prompts. It also appeared that students were writing more than in
the previous year; and there were fewer one and two word responses.
In year two, the observer attempted to record specific responses rather
than to characterize a large number of responses such as in year one. Table 4.4
provides evidence of student responses that are mostly reflective. From the
responses recorded, it appears that many of the students exhibited strong
metacognitive skills.
Table 4.4 Observed Student Responses to Prompts during Second Pilot Study
Step / Prompt

Sample responses

Plan: What I already know that will help
me do the task:

“I have built one in the past.”
“I know that teamwork, ideas, good luck, and great
material will help me to do this task.”
“I know that we need to meet all of the criteria.”
“To agree with everyone and make sure we are
following the rules.”
“We have a plan and assigned jobs.”

Plan: I understand/do not understand the
problem. So, now I will:

“Agree with everyone else.”
“Be motivated in doing this challenge.”
“Build it so I can see whose idea is the best.”
“Help everybody with the project and agree with
everyone.”
“Think of strategies to help build/improve.”

Monitor: What I am thinking now:

“Go to plan B.”
“I am thinking about what will happen next; what will
I do?”
“I am thinking we need to work a bit faster.”
“I am thinking our success is unbelievable.”
“I am thinking about the prediction.”
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Table 4.4 Continued
Monitor: I do/do not understand:

“I do not understand why my team thinks it is a good
idea.”
“I do understand that we need to watch our money.”
“I do understand what our goal is.”
“I do understand the necessities and what to
create.”
“I do not understand how to keep it together.”

Monitor: How am I doing (THINKING?)
now; because:

“I can see it better now that we are building.”
“I don’t feel like it is going to work.”
“I have a great team that works well together.”
“I think this will work out but I’m kind of confused
with the idea.”
“My team keeps yelling at me for no reason.”

Monitor: I need to change:

“I think we could plan it out a little more.”
“Make it more sturdy.”
“Working together (teamwork).”
“Some little mistakes,”
“[Omitted] needs to be less bossy.”

Evaluate: What I learned that will help in
the future:

“Anyone can be a good teammate in engineering.”
“Changing material changes a lot.”
“Help and time are the best attributes.”
“I don’t think.”
“I learned that you will disagree but it will most likely
come out better when you disagree but talk about
more ideas.”

When discussing the intervention and observation, the teacher and
researcher continued to ponder further changes to improve MCinEDP and the
implementation. While overall, the responses in the second pilot study were
better than the previous year, a large number of students wrote basic, surfacelevel and teacher pleasing responses throughout the term of the study.
Meanwhile, the teacher continued to perceive that the students were mostly more
engaged in responding to the metacognition prompts and felt that they were
helping with the student designs. “I know that no analysis has been done but just
anecdotally watching in the class, reading over their shoulders, I think that they
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got better over time. I think that they got richer and more reflective- is how I'm
defining better.”
During the second year discussions, the teacher mentioned that student
responses to the prior knowledge prompt and “What I learned” prompt might
have been having an effect on transfer. “I thought that was one actually really
good thing about these prompts is that it helped get engineering out of the
classroom. Like, you don't only learn about engineering when you are sitting here
for fifty minutes every week. You learn about it by talking to people or watching a
show or you are noticing it.”
The teacher and the school’s administrators were eager for the
engineering class to continue implementing MCinEDP based on perceived
results. The teacher guide was updated to include more follow up prompts when
discussing student responses. The introduction activity received minor
modifications to cut down on time as it took the entire class period for the
discussion and did not leave time for the discussion of all of the prompts.
Discussions occurred more in year two than in year one yet the group
discussions and class discussions still did not fit into the schedule. There was not
enough time to implement the legacy product. Restructuring of the engineering
class by the school meant that the students would have more exposure to
engineering in the following year, and the teacher allotted consistent time for
group discussions during every metacognitive activity and class discussions to
follow the evaluate step.
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The two pilot studies provided a large amount of information that proved to
be valuable when preparing for the current study. It became clear that the results
supported the need for deliberate, explicit instruction to encourage metacognition
related to thinking rather than macrocognition related to actions. The insights
from the teacher provided invaluable information about the implementation and
the related difficulties of integrating the intervention into the engineering
instruction. However, the observations and teacher feedback supported the
importance of the social aspects of the intervention, as the benefits of MCinEDP
were rather limited prior to the in-class group discussions.
It also seemed that the students still had plenty of room for improvement
following the pilot studies. The second-grade students who would be moving into
third grade the following year learned about the engineering design process and
had opportunities to practice it while solving design problems. Therefore, they
would enter third-grade with some of the background knowledge of engineering
that is a prerequisite for MCinEDP. These two conditions and the comfort level of
the teacher indicated that the school would continue to be a good research site
and that the school appeared to have more information to provide.

4.4.7 Research Design
Following the two pilot studies, I used in this study a quasi-experimental
approach modeled after the Recurrent Institutional Cycle Design (Campbell &
Stanley, 1966) to measure change in metacognitive knowledge and regulation as
a cohort study (Table 4.5). Maturation and attrition can be issues with using such

168
a design since randomization was not possible due to the student assignments to
classrooms. Since the students were compared by the amount of intervention
received and with cohorts being primarily comprised of two grade levels, intercohort comparison can be made, and maturation effect should be controlled. In
addition, the heterogeneity and stability of the school population, with a low
number of students moving in or out, added to the consistency of the sample
population and minimized attrition.
This study design (Campbell & Stanley, 1966) assumed that the students
who did not participate in the pilot studies, Cohort 2’s, pre assessment scores
could be utilized as the baseline score in the absence of a control group. The
Cohort 1 group was similar to Class A from Campbell and Stanley (1966) since
they were not tested prior to the first intervention but completed the assessment
prior to the second intervention. Furthermore, the grade level was considered as
a predictor variable to determine if age is a factor in metacognition knowledge
and regulation attainment in this study.
Table 4.5 Quasi-Experimental Design in This Study
Cohort 1
Cohort 2

X

O1B

X O2B

O3

X O4

Note: X = Intervention; O = assessment;
Cohort 1= participated in pilot study,
Cohort 2= did not participate in pilot study.
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4.4.8 Measurements and Instrument
4.4.8.1 Metacognitive Awareness Instrument and Jr. MAI
To answer the research questions in this study, the two sub-constructs of
metacognition, knowledge of cognition and regulation of cognition, were
measured using a version of the Junior Metacognitive Awareness Inventory, or
Jr. MAI (Sperling et al., 2002). The Jr. MAI was adapted from the Metacognitive
Awareness Inventory (MAI) (Schraw & Dennison, 1994).
The MAI (Schraw & Dennison, 1994) was designed to measure adult
knowledge of cognition and regulation of cognition, had 52 items in a Likert-type
scale, and had an alpha (α) of 0.90, indicating reliability. Of the initial items,
knowledge of cognition questions addressed declarative knowledge, procedural
knowledge, and conditional knowledge, while regulation questions addressed
planning, information management, monitoring, debugging, and evaluation
(Schraw, Olafson, Weibel & Sewing, 2012). Schraw and Dennison (1994)
completed two pilot studies with college students (n= 179, n=100) and found that
the items fell under two factors, knowledge and regulation of cognition, when
performing exploratory factor analysis. Their second pilot study also compared
the MAI to pre-test judgments of metacognitive ability, test performance,
monitoring accuracy, and reading comprehension. They found significant positive
correlations across the board with the exception of monitoring accuracy, which
had an insignificant positive correlation.
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The Jr. MAI (Sperling et al., 2002) was used in this study. The Jr. MAI
Versions A and B, containing 12 and18 items respectively, is a student self-report
survey for younger students. The Jr. MAI was found to provide reliable scores
and was manageable for use by researchers or in the classroom for intervention
purposes. Version A, designed for students in grades three to five and used in
this study, contains 12 items that were modified from the original 52 MAI items by
Sperling and her colleagues (2002) to be appropriate for the age level. Each
item is rated by the student on a scale of 1 to 3, meaning that each factor, or subcomponent, can have a potential range of 6 to 18 (6 items per factor x 3 points).
The MAI and Jr. MAI were designed to be used independent of specific context
or subject matter.
Sperling et al. (2002) tested the Jr. MAI Version A for five factors yet found
that the items yielded two primary factors (Table 4.6), knowledge of cognition and
regulation of cognition, when tested using students from grades three to five.
They found the overall reliability was 0.76 with their sample of third through fifth
grade students, and Schraw et al. (2012) found the reliability for regulation to be
0.78 and knowledge to be 0.68 with their sample of students in grades four and
five. Sperling et al. (2002) found that grade three had a slight but significant
difference in total score from grades four and five but attributed it to
administration differences since the third grade teachers read the items aloud to
the students. Schraw et al. (2012) found that Version A loaded for two factors
(Table 4.6), as well, yet found disagreement for item 12 (“I learn more when I am
interested in the topic”) loading for regulation rather than knowledge. However,
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that item did have the lowest loading in their study. The authors hypothesized
that the difference in sample grades in the studies, third through fifth versus third
and fourth, could have affected the loading. The Sperling et al. (2002) factor
loading was used in this study since it looks at the same three grade levels.
Table 4.6 Factor loadings of Jr. MAI in Previous Studies
Question

Sperling et
al. (2002)

Schraw et
al. (2012)

1. I know when I understand something.

Knowledge

Knowledge

2. I can make myself learn when I need to.

Knowledge

Knowledge

3. I try to use ways of studying that have worked for
me before.

Knowledge

Knowledge

4. I know what the teacher expects me to learn.

Knowledge

Knowledge

5. I learn best when I already know something about
the topic.

Knowledge

Knowledge

6. I draw pictures or diagrams to help me understand
while learning.

Regulation

Regulation

7. When I am done with my schoolwork, I ask myself if
I learned what I wanted to learn.

Regulation

Regulation

8. I think of several ways to solve a problem and then
choose the best one.

Regulation

Regulation

9. I think about what I need to learn before I start
working.

Regulation

Regulation

10. I ask myself how well I am learning something new.

Regulation

Regulation

11. I really pay attention to important information.

Regulation

Regulation

12. I learn more when I am interested in the topic.

Knowledge

Regulation

To test the validity of the instrument, Sperling et al. (2002) found
significant correlations between Version A and other measures such as Strategic
Problem Solving (Fortunato, Hecht, Title, & Alvarez, 1991) (r = 0.72);
Metacomprehension Strategies Index (Schmitt, 1990)(r = 0.30); teacher ratings of
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metacognition (r = 0.21); and achievement scores (r = 0.18) yet not the Reading
Awareness Scale (Jacobs & Paris, 1987)(r = 0.22). Schraw et al. (2012) found
that scores on Version A correlated with increases in knowledge and attitude
change when the metacognition factors were compared with pre and post scores
from a science intervention.

4.4.8.2 Administration of Jr. MAI
In the third year, the teacher administered the Jr. MAI pretest near the
middle of the school year, prior to the implementation of the intervention. In an
interview at the end of the school year, the teacher confirmed that she
administered the instrument consistently to each class by reading through the
questions each time and clarifying the meaning of each. There were a few times
that a student would raise his/her hand for clarification for a particular question
and the teacher said that she tried to answer them consistently throughout the
day.
The teacher administered the Jr. MAI again at the end of the school year.
The data were collected following each administration of the assessment
instrument. At the end of the year, all of the data were then entered into a
database that used randomly created student IDs to ensure the confidentiality of
participants and so that student responses could be compared from pre to post.
The teacher did report that last minute changes in the school routine due to yearend special events left very little time for the students to complete the
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assessment and some classes were more rushed than others, depending on the
day and time that they had engineering.

4.4.8.3 Teacher interview and discussions
To verify fidelity of the intervention, a formal interview of the engineering
teacher was planned for the end of the school year. Observations and teacher
reports throughout the school year were not planned to reduce the potential for
researcher influence on the results of the study. However, I was in the school on
one day for separate business and students did mention metacognition when
they saw me.

4.4.9 Methods of Data Analysis
To answer the first research question regarding the effectiveness of the
intervention, multiple t-tests were conducted. Independent sample t-tests were
used to compare the pretest scores for knowledge and regulation between the
two cohorts. To analyze for overall effect, independent sample t-tests compared
pre and post scores for all students’ knowledge and regulation. To compare
cohorts, paired sample t-tests were performed on both knowledge and regulation
to determine if cohorts were found to have significant differences in change
levels.
For the second research question, concerning the effect of the predictive
variables on the students’ knowledge of cognition and regulation of cognition,
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linear regression analyses were performed. Two separate linear regressions
were performed, one with knowledge of cognition and the other for regulation of
cognition serving as the dependent variables. Dummy variables were created for
grade levels using the third grade as the baseline and the other two grades as
the dummy variables. Cohort was also converted to a dummy variable using
Cohort 2 as the baseline and Cohort 1 as the dummy variable. The amount of
experience was represented by the cohort and served as one of the predictive
variables along with the covariate pre scores for knowledge and regulation. Beta
scores were analyzed to determine the effect of each variable on the model.
Multiple linear regressions were performed rather than a MANCOVA or multiple
ANCOVA tests because those could be biased towards finding greater change
for the higher scoring pretest group (Cribbie & Jamieson, 2004). The regressions
allowed for the examination of the relationships between the predictor variables
and the dependent variable. It also allowed the variables to be compared in a
standardized scale (Standardized Coefficient) that aided comparison of effect
size and the significance of the model and variables.
The linear regression for each outcome provided an overall model or
equation:
y = β0 + β1aX1a + β1bX1b +β2 X2 + β3 X3 + β4 X4, where:
•

y = the dependent variable (change of knowledge or regulation ),

•

β0 = the Y-intercept of the regression line,

•

β1a = amount of change in y given a one unit increase in grade,

•

X1a = grade level (where 3rd and 5th grades = 0 and 4th grade = 1),
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•

β1b = amount of change in y given a one unit increase in grade,

•

X1b = grade level (where 3rd and 4th grades = 0 and 5th grade = 1),

•

β2 = amount of change in y given a one unit increase in pre-test score for
knowledge,

•

X2 = pre-test score for knowledge,

•

β3 = amount of change in y given a one unit increase in pre-test score for
regulation,

•

X3 = pre-test score for regulation,

•

β4 = amount of change in y given a one unit increase in cohort,

•

X4 = cohort (where Cohort 1 = 1 and Cohort 2 = 0).
A 2x3 table of means comparing grades by cohort for each component

indicated large differences between Grade 4 and Grade 5 members of Cohort 1,
requiring an additional t-test to compare means. The differences for Grade 4
performances inspired the inclusion of an interaction effect between grade and
cohort in a new pair of linear regressions that are presented in the results.
Finally, the qualitative data produced by the teacher interview was coded
using open coding and similar statements were grouped into categories.
Evidence of intervention fidelity is presented in the results section.
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4.5

Results

4.5.1 Establishing Cohorts
Independent-sample t-tests were conducted to compare the pretest scores
for knowledge of cognition and regulation of cognition to support the comparison
of the students by cohorts (Figure 4.6). There was a significant difference in the
pretest scores for knowledge of cognition for Cohort 1 (M=15.82, SD=1.35) and
Cohort 2 (M=15.25, SD=1.34); t (132)= 2.42, p=.017. There was not a significant
difference in the pretest scores for regulation of cognition for Cohort 1 (M=12.59,
SD=2.09) and Cohort 2 (M=12.68, SD=2.11); t (132)= -0.24, p= .809. These
results suggest that the cohorts differed prior to the intervention and allowed the
students to be compared by cohorts to evaluate the effect of the amount of
experience with MCinEDP.
18.00
16.00

15.82

15.25

15.58

14.00

12.59

12.68

12.63

12.00
10.00
8.00
6.00
Pre Knowledge
Cohort 1

Pre Regulation
Cohort 2

Total

Figure 4.6 Comparison of Pre Scores for Knowledge and Regulation by Cohort

4.5.2 Comparing Pre and Post Scores
Independent-sample t-tests were conducted to compare pretest and
posttest scores for knowledge of cognition and regulation of cognition by cohort
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to determine if the number of years of engagement affected the scores. When
comparing knowledge of cognition scores by cohort (Figure 4.7),
), Cohort
Coh 1 had an
insignificant decrease from the pretest (M= 15.82, SD= 1.35) to the posttest (M=
15.53, SD= 1.37), t (77) = 1.34, p=
= .184; Cohort 2 had a significant increase from
the pretest (M= 15.25, SD= 1.34) to the posttest (M=15.88, SD= 1.28), t (55)= 2.76, p=
= .008. When comparing regulation of cognition scores by cohort, Cohort
1 had an insignificant increase from pretest (M= 12.59, SD= 2.09) to posttest (M=
12.65, SD= 1.90), t (77) = -0.18, p=
= .857; Cohort 2 had an insignificant increase
from pretest (M= 12.68, SD= 2.11) to posttest (M= 13.04, SD= 2.07), t (55)= 1.03, p= .307.

Pre and Post Scores by Cohort
18.00
16.00

15.82

15.53

14.00

15.25
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12.00
10.00
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Cohort 1
Pre Knowledge

Post Knowledge

Cohort 2
Pre Regulation

Post Regulation

Figure 4.7
7 Comparison of Pre and Post Scores by Cohort

4.5.3 Comparing Change by Cohorts
Change in knowledge of cognition and regulation of cognition from pretest
to posttest (Figure 4.8)) was compared usin
using paired-sample t-tests
tests to determine if
the years of engagement had a significant impact. When comparing change in
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knowledge from pretest to posttest, a significant difference was found between
Cohort 1 (M= -.29,
.29, SD= 1.95) and Cohort 2 (M= 0.63, SD= 1.70), t (132) = -2.85,
p= 0.005. When comparing change in regulation from pretest to posttest, an
insignificant difference was found between Cohort 1 (M= 0.06,
.06, SD= 2.82) and
Cohort 2 (M= 0.36,
.36, SD= 2.61), t (132) = -0.63, p= 0.529.

0.63

0.36
0.18
0.09

0.06

ChangeKnow

ChangeReg

-0.29
Cohort 1

Cohort 2

Total

Figure 4.8 Comparison of Change by Cohort

4.5.4 Effect of Variables
Stata Software (StataCorp, 2011) factor variable functions were utilized in
performing linear
inear regression
regressions to examine the effect of the predictive variables
(grade, cohort, pre-score
score for knowledge, pre
pre-score for regulation) on the
dependent variables (knowledge
knowledge of cognition and regulation of cognition).
cognition Grade
3 and Cohort 1 were used as comparison factor
factors
s by the software’s automated
simulation of dummy variables
variables.
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In the first regressions performed, a model for knowledge of cognition was
found that explained 55.7% of the variance in change of knowledge, and a model
for regulation of cognition explained 50.3% of the variance in change of
regulation. However, the Beta coefficients for grade levels were notable in both
models (Knowledge model Grade 4 β= -0.220, Regulation model Grade 4 β=
0.131 and grade 5 β= 0.225) so scores were compared by Cohort and Grade for
change in knowledge (Table 4.7) and change in regulation (Table 4.8). Because
of this, a second set of regressions was performed that included the interaction of
Grade and Cohort. Both models met the assumptions for linear regression:
linearity, independence of the errors, homoskedacity, and normality.
Table 4.7 Change in Knowledge by Cohort and Grade

Grade
Cohort
1

2

Mean
SD
Number
Mean
SD
Number

3
.
.
0
0.743
1.785
46

4
-0.642
1.894
42
0.5
2.121
2

5
0.111
1.953
36
0
1.069
8

Total
-0.295
1.946
78
0.629
1.704
56

Table 4.8 Change in Regulation by Cohort and Grade

Grade
Cohort
1

2

Mean
SD
Number
Mean
SD
Number

3
.
.
0
0.113
2.466
46

4
-0.344
2.619
42
-3
2.828
2

5
0.526
3.002
36
2.619
1.974
8

Total
0.057
2.818
78
0.360
2.612
56

180
A model including grade level, number of times participating in the
intervention (Cohort), pre-score for knowledge of cognition, pre-score for
regulation of cognition and the interaction of Grade and Cohort (Table 4.9)
explains 55.8% of the variance in change in knowledge of cognition from pre to
post for all students, F(6, 127) = 26.67, p < 0.000. Grade and Cohort alone did
not have a significant effect nor did the interaction of the two. Belonging to grade
4 had a moderate but statistically insignificant negative effect, β = -0.254, p =
0.079. Pre-scores for regulation of cognition (PreReg) had a moderate and
statistically significant effect, β = -0.155, p = 0.013. Pre-scores for knowledge of
cognition (PreKnow) had a large and statistically significant effect, β = -0.663, p <
0.000.
Table 4.9 Regression Analysis Results for Change in Knowledge of Cognition
Regression Table – Change in Knowledge
Coefficient

P> |t|

β

Pre Knowledge

-0.92

0.00

-0.66

Pre Regulation

-0.14

0.01

-0.15

4

-1.02

0.08

-0.25

5

-0.37

0.46

-0.09

2.Cohort

-0.24

0.64

-0.06

0.53

0.63

0.03

16.77

0.00

na

Stubhead

Grade

Grade # Cohort
42
_cons
2

Notes: R = .56 (p < .01).

A model including grade level, number of times participating in the
intervention (Cohort), pre-score for knowledge of cognition, pre-score for
regulation of cognition and the interaction of Grade and Cohort (Table 4.10)
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explains 50.9% of the variance in change in regulation of cognition from pre to
post for all students, F(6, 127) = 21.92, p < 0.000. Pre-scores for knowledge of
cognition (PreKnow) did not have a significant effect. Pre-scores for regulation of
cognition (PreReg) had a large and statistically significant effect, β = -0.665, p <
0.000. Grade 4 had a moderate and statistically insignificant effect, β = 0.220, p =
0.148; Grade 5 had a moderate and statistically significant effect β = 0.291, p =
0.028. Cohort had a moderate and statistically significant effect, β = 0.292, p =
0.038. The interaction of Grade and Cohort did not have a significant effect.

Table 4.10 Regression Analysis Results for Change in Regulation of Cognition
Regression Table – Change in Regulation
Coefficient

P> |t|

β

PreKnow

-0.04

0.78

-0.18

PreReg

-0.87

0.00

-0.66

4

1.28

0.15

0.22

5

1.69

0.03

0.29

42

-1.99

0.23

-0.09

_cons

10.10

0.00

na

Stubhead

Grade

2.Cohort
Grade#Cohort

Notes: R2 = .51 (p < .01).

4.5.5 Comparison of Grades for Cohort 1
Tables 4.7 and 4.8 revealed some differences amongst the Cohort 1
students when comparing by grade. To further investigate the effect of grade, ttests were performed for change in knowledge and regulation for Cohort 1
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members only. The change in knowledge between pre and post for Cohort 1
Grade 4 (M = -.643, SD = 1.89) and Grade 5 (M = .111, SD = 1.95), had a nearly
significant difference, t (76) = -1.73, p= 0.088. The change in regulation between
pre and post for Cohort 1 Grade 4 (M = -.344, SD = 2.62) and Grade 5 (M = .526,
SD = 3.00), had an insignificant difference, t (76) = -1.37, p= 0.175.

4.5.6 Teacher Interview
The classroom teacher was interviewed at the end of the school year to
verify the fidelity of the intervention as well as the administration of Jr. MAI. The
data from the two-hour interview was analyzed to reveal statements that
supported fidelity in some parts of the intervention implementation yet also
revealed issues with the intended intervention as well as examples of how the
classroom environment can compromise fidelity.
4.5.6.1 Explicit Instruction
In the interview, the teacher recalled providing students with the same
explicit instruction about metacognition in all classes, as much as possible. She
did not differentiate between the grade levels in terms of initial presentation even
though none of the third grade students had experience with MCinEDP and some
of the fourth and fifth graders had. The timing of the intervention was pushed
back towards the winter holiday break because the teacher wanted to wait until
all grades were able to learn about and utilize the engineering design process.
The third grade students did have engineering instruction during the previous
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year, as second graders, yet the teacher did not feel their experience and
comfort with it was sufficient until a couple of months into the school term.
Due to the intervention being pushed back, the teacher did not have time
to complete the introduction activity as planned. “We talked a little bit about; they
kind of got the research talk again… We tried to talk about other people. I guess
it’s like for credibility reasons. ‘There's this research that says this is helpful so
we are going to try it.” She referred to a specific journal article that depicted steps
of MCinEDP, “When the Science and Children article came out on the egg drop, I
showed them; because that one was pretty kid friendly, with pictures and things;
They thought that was so cool.” She went on, “I said that other people studied
this and we are going to use this because someone else studied it and said it is a
really cool thing to do.”
Beyond setting the relevance, she added, “I would say: ‘It is thinking about
your thinking. There's been research that says if you stop and take a breather;
you need to stop, step away from your project.” And, "You are stepping away
from it and trying to look at it almost as an outsider…. or, an outsider with inside
information - because you have to know how the team was working." She also
related it to the practice of engineering:
I told them I wanted to help them get their designs to be better. And, if
they would stop and think about how it was going before you got too far
along, you could make little changes. Not big improvements. But you
could tweak things… I don't know, that wasn’t as explicit as some other
things but I did tell them that this is to help make your designs better.
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4.5.6.2 Implementation
In terms of the overall course, the teacher described how the structure of
the engineering instruction had improved, in her opinion, over the three years.
“You live and learn. This is like me, with the first year, we were just not structured
at all.” She continued, “By the time that I ended, I had steps on the board: ‘You
will have four designs, you will have a star by your best design, you will share
those designs, you will have a plan that uses everyone's ideas … then you will do
an MC and then you will meet with me.”
Although the initial introduction to metacognition was restricted due to time
constraints, the teacher had rearranged the instruction for the year of the study
because she wanted to include more time for MCinEDP, specifically the social
aspects of the group discussions and class discussions. “This was my best year
implementing this because I feel like I finally understand the structure to where
this is going to fit in to benefit them.” She added, “I needed three years to get it
where I finally felt that it worked right. And, I feel that if I had a fourth year it
would look very much like this year. I think they need it every day and then you
would really be able to get through several metacognitive steps.”
The teacher also changed the timing of the prompts during the year of the
study. She moved the plan step of MCinEDP so that students would respond to
the prompts once their group had agreed on a group plan, rather than during the
ask stage, as originally intended. During the interview, she reflected that she
thought she would use the prompts for plan in both places in future use of the
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MCinEDP so that the students could use the reflection in defining the problem
and in analyzing the group plan.
Her primary motivation in adjusting the timing of the prompts was to avoid
interrupting students when they were building and testing their models. After the
groups would complete their plans, they would respond to the metacognition
prompts and notify the teacher that they were ready to conference. In the
conference, she would first check their plans to ensure that they had included the
basic requirements of a complete plan including sketches, measurements, a
supplies list, and other notes. She would then look over the responses to the
MCinEDP prompts and discuss them with the group members. Then, after the
discussion, the students in the group would be allowed to move on to get their
materials to use for building and testing of their design.
The monitor step of MCinEDP was moved so that students would respond
to those prompts after their testing of their model and before they would go to the
improve stage of the engineering design process. “I found out that worked very
nicely because they knew, I get to create, I'm not going to be interrupted, I get to
test it out and then I'm going to reflect on how we are doing.” She suggested,
“You could do monitor several times. We just did it once for timing but you really
could stop them in the middle of building, after they tested and then in the middle
of improving.” She then added, “But, doing it after testing, I found that it did
generate some nice discussions.”
Once the groups completed revising their plans and oftentimes testing
their second plans, they responded to the evaluate MCinEDP prompts. As
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groups finished at different times, the teacher had group discussions when
possible and then followed up with a class discussion once the final groups
completed their projects and evaluation. “Evaluate was always the very easiest to
do because at that point, you get to just look back. You have all the knowledge.
You've taken everything that you know and you've put it to work. Then you've
tried to make that even better. So, you can reflect on the entire project.” The
teacher felt the evaluate step was the most effective for producing rich
conversations. “I think the evaluation sheet is where you are going to find your
best answers because they were able to look back.” She continued, “I think that
they wrote down things that were richer on evaluate. But I can tell you that class
discussion [was richer], because I could do follow up questions, and they didn't
have to write that down.”
To make up for the reduced explicit instruction, the teacher continued to
remind the students of the importance of being thoughtful and reflective when
responding to the MCinEDP prompts throughout the year. She indicated being
more purposeful in previewing the prompts and discussions helped this.
“Consistently this year, whenever we used prompts, I read all of the prompts to
the students and said, remember, you are going to see those five smiley faces
and we talked about [what they meant].” Experience also made a difference,
according to her. “I was hoping that it would come out why [it was important],
when we had conferences. Let's look at this question. Let's look at that question.
What can we tell from that? I thought that might tell them why we are doing it - in
a more hands-on way.”
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An important factor in the instruction was when the teacher would model
reflection. She did not report many instances of verbally reflecting in front of the
children but actually demonstrated her design process and reflections from her
journal that contained her teaching and research plans. “I know it’s different
because I can't say here's where I did my metacognition and here's where I did
my imagine and here's; because my job is different, you know. But, my imagine
might be that I sat and brainstromed a list of 27 things that I could do for an MEA;
or sketch out some ideas.” She also told the students about a professor that she
had learned the journaling from, “I'm not an engineer but I work with engineers,”
she explained. She reinforced the concept that engineering involved more than
designing and testing objects. “I felt like that was authentic to engineering. An
engineer might not be building a water filter in an upside down soda bottle. Their
questions may not look like prompts but I think it is showing you that that is a
good strategy.”

4.5.6.3 Conferences and Discussions
The increased focus on MCinEDP and the accompanying discussions
added a considerable amount of time to each project. In her estimation, group
conferences normally lasted around five minutes but occasionally stretch to ten
minutes. “They all got to work at their own pace and that was actually kind of nice
because if everybody was doing the prompts at the same time; I can't meet with
six groups at the same time. So, it was kind of this rolling, as you finish things.”
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Specific to the timing, she said, “Where it would stretch into more like ten minutes
would be if there was dissension; and dissension sometimes didn't come out
verbally. It came out on the prompt like: I hate this plan, I don't understand the
plan, and I don't understand my group.”
She said that MCinEDP was especially helpful with teamwork issues. She
gave a specific example:
This one kid said, “Well it wasn't my idea.”
You are like, “You are part of the team? What do you mean it wasn't your
idea?”
“It wasn't my idea. That was Heather's idea.”
I'm going “well, but you were part of…”
“Uh-uh, none of mine.”
So you have this kid that could just check out and not take responsibility
and feel: I don't care if it works or doesn't work, it’s not mine. This really
helps us say are we all on the same page? If we are not, how can we get
there? We want to make sure that we are relatively on the same page
before we get going because you don't care about it.
And I said, “You want to actually care about this project. You want to get
to the testing point and see if your ideas work and be excited about that.
And if you already think this is stupid and it is going to fail, what's your
motivation to even contribute to the building? Nothing. And, then when it
fails, you are like, see.”
She indicated that improving and focusing on teamwork were a large
benefit to discussing the MCinEDP prompts in the group conferences. “I think it
really helped them with their teaming and communication and those other sides
of engineering that it’s not easy to improve those.” She provided other examples
of disharmonious groups but indicated that the group dynamics and teamwork
were improved in other ways:
I think that without even looking at the richness of the answers or better
designs or anything, I think learning- having a tool to improve teamwork
and communication and compromise and listening to each other’s ideas,
like those things- that I don't know that there is a tool out there that does
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that. And I think, and I don't even know how to quantify that, but that’s
what I saw; is that all of a sudden, it gave me a way to get every kid a
voice and really talk about it. You could talk about it for a whole class
period on each one of these prompts. It’s just that there’s not enough time
but I think that to me would be a major finding that would come out of this;
to show that this is a way to improve those softer skills.
The prompts and discussions aligned with her teaching strategy of trying
to get groups to include each other’s ideas in the group planning stage. She
thought that some groups might be filling in answers to show agreement so they
could move on to the building and testing phase so started to monitor their
internal discussions. If she noticed a group was writing more in agreement than
their behavior showed, she would look over their shoulders and “ask questions
before I got to their conference and say: Oh, but, why? And that's a huge
question… You have to jot down why you said that.”
The combination of the prompts about confidence and planning along with
the teacher-led group discussions allowed the students to prepare for the
conferences more independently. “We did get to a point where they were more
confident because they were better at listening to each other's ideas because
they knew that if that conference was going to go longer if somebody said they
weren't confident.”
MCinEDP, and the discussions, were important for both groups that were
finding success and those experiencing failures. “Before we started
metacognition, they were such perfectionists that if everything didn't work
perfectly, it was, well we know that failed.” She explained, “It's a huge
conversation that I have had with them so many times is: Did the whole thing
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fail? Or, were there pieces that worked really well?” The focus of MCinEDP
helped them to explore failure and success in different areas.
I think that their projects were better this year - higher quality because I do
think that there was a lot of thought that went into it and a lot of
discussion. We didn't get through as many things because the reflection
took a lot of time but I think that is also important because if they want to
go into engineering it is not just let’s build a new prototype every day. It is
a lot of planning and researching and reflecting, being critical about your
own work that goes into it.
The teacher conducted whole class discussions using the prompts for
evaluate from MCinEDP most often after revising their first plan and before
testing that plan. She thought that the evaluate step was the easiest and most
effective. One reason for it being easier than the other steps is that students
could reflect on their success rather than having to anticipate what might happen
and what changes they might need to make to prevent failure. Groups that were
not successful with their design could look for other areas of strength. “They
would say it didn't work but I gave it a four or I gave it a five. Well, why? Because
these things we did really well. Or, we built our plan and we know what we would
do next time.”
She was able to stress the importance of MCinEDP as a tool particularly
during evaluate. The students didn’t always want to write anything in engineering
class but for some it was more important. “What's nice about having a written
piece is that even your very quiet kids have had a chance to sit and think about
what you are going to ask them and write some ideas down [prior to the class
discussion].” She thinks it helps meet the needs of students with different
learning styles and made note of examples of students that would normally not
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participate in class discussions, due to shyness, who were willing to share their
responses from the prompts. “If you can have the time to have them fill this out
and then have these really nice discussions where you can build off of their
responses and then have other kids echo what this group said that is all really
wonderful.”
Being able to build on the student discussions actually helped the teacher
to elaborate more on the purpose behind the reflection. She thought that she was
able to use a similar analogy with all of the classes:
Our thing was just that if you will just stop and think about what you are
doing, you can make little turns. It doesn't have to be: we started here and
we are just blindly running down a path. You can run down the path and
kind of stop and say, do I need to turn around? Go back a little bit? Do I
need to veer off to the right?

4.5.6.4 Difficulties
While noting many benefits and positive experiences of implementing
MCinEDP in this final year, the teacher had many notes of things that did not
work out or that needed to be improved. As already noted here, she changed the
timing of the prompts to fit with the structure of her course and to lower the
resistance of the students who were more interested in building and testing than
they were in writing responses to questions that they often found difficult.
Responding to the prompts and conducting group meetings did take extra
classroom time but the teacher was able to adjust some throughout the year.
One adjustment that she was able to make was learning to monitor and
formatively evaluate the students. She noted that students had many differing
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levels of ability in reflecting and responding to the prompts, but she was able to
learn through her experience to give those students additional help before
starting the group conferences.
The teacher noted the extrinsic appeal of building and testing because
they think “let me play with all of these materials.” She noted, “So, they don't
always like doing metacognition because it’s steps that are interrupting what they
want to do, but I do think it keeps everyone kind of involved and feeling like they
are part of the project.” She mentioned that her students did not receive grades
for engineering class and also did not receive other extrinsic rewards for
completing the MCinEDP prompts.
The students were resistant to responding to the MCinEDP prompts both
due to their excitement towards building their design solutions and because they
were often frustrated by prompts that were either confusing or difficult due to
requiring a high level of thinking:
I think that's why plan and monitor are a little bit more of a struggle, a good
struggle, but I think it’s because they don't have all of the answers and to
almost force them into guessing what is going to happen. "What do you
think is going to be the hardest part of this? What do you know now? What
do you not know, now? … Before you've tried it is a very hard question to
answer.
The increased level of discussions brought to light issues with the difficulty
of some of the prompts. “Even the kids that I knew were trying really hard
to be cooperative, they wanted to do it but they weren't sure what the
question was asking.” She found through the discussions that the prompts
that were intended to have the students complete a sentence were
particularly difficult. She said that students balked because their written
responses would not have used the same wording as the provided
sentence start. She indicated that the student confusion often led to good
discussion but some prompts continually needed to be discussed. She
concluded that the prompt “What I am thinking about now:” was probably
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the most difficult for students due to the wording, awkwardness and openendedness:
That really took a lot of: What are you thinking about the project? What are
you thinking about your team? What are you thinking about; Because, I
had kids who are thinking about lunch because it’s in ten minutes and I'm
really hungry and we get Italian ice today… I can't say, no, that's not what
you are thinking. You are not thinking about Italian ice, you are thinking
about the project.
Even though most students did better with the evaluate step, the final
prompt, “What I learned that will help me in the future:” caused many students
problems and needed to be explained multiple times. “That's a pretty high
cognitive question.” In order for it to make sense, “we really emphasized, now
that you've tried it, what's something new that you were like Oh, I didn't know that
before”? Finally, the teacher reported that she did not have the students
complete the legacy product at the end of the year, as was the case in the pilot
studies.

4.6

Discussion

Perhaps most significant in this study are the teacher’s recollection of the
effectiveness of the group discussions and her individual discussions with
struggling students. Those individual discussions reflect what Pintrich (2002)
called "assessment conversations" (p. 224) because the teacher was able to
recognize students who were having difficulties in responding to the prompts and
was able to provide further assistance. In terms of the groups, the teacher
indicated that the metacognition prompts were successful in stimulating "rich
discussions." This allowed her to monitor student comprehension strategies and
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to model those effective strategies for the students (Brown & Palincsar, 1982).
This is similar to what Larkin (2006) wrote, “Asking questions of oneself can
begin by being questioned by others” (p.28). These social interactions allowed
the teacher to provide modeling without even realizing that she was doing so. By
challenging students to reflect, she was promoting learning with deeper
understanding (Savery & Thomas, 2001). According to Pressley and Gaskins
(2006), combining explicit instruction and teacher modeling increases the
probability that students will transfer strategies to other contexts and content
areas.
Also significant in this study was the effect of the group metacognition on the
improvement of the teamwork. Molenaar, van Boxtel, and Sleegers (2010) wrote
that interaction between group members stimulates group metacognition as well
as individual metacognitive skills. Schraw (2007) wrote that co-regulation
strategies used to improve team function and performance indicates that the
students have metacognitive awareness that he called team regulation. This
supports research that outlines the importance of metacognition for engineering
teams (Newell et al., 2004).
The initial t-test showed a significant difference for pretest scores for
knowledge between Cohort 1 and Cohort 2 supports the the design of the study
as a cohort study. The results show that the Cohort 2 students made a significant
gain in regulation of cognition and insignificant gains in knowledge of cognition,
according to the pre post results of the Jr. MAI. Those results were expected.
The group that previously participated in the pilot studies, Cohort 1, showed an
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unexpected, insignificant decrease in knowledge and a slight, insignificant
increase in regulation. The data support the hypothesis that the intervention
would positively change the knowledge and regulation of cognition.
The linear regression showed that, as expected, the pre scores for
regulation and knowledge were significant predictors for change in knowledge.
However, only the regulation pre score was a significant predictor for regulation
and knowledge had little effect on the model. Despite the appearance of an
interaction effect between Grade and Cohort, no significant effect was found.
Including the interaction in each regression did increase the strength, slightly
(Change in Knowledge + 0.1%, Change in Regulation + 0.2%). Looking at the
beta scores for the linear regression for change in knowledge of cognition shows
that the pre score for knowledge had the largest effect (β = -.663), followed by
being in Grade 4 (β = -.254) and pre score for regulation (β = -.155). Looking at
the beta scores for the linear regression for change in regulation of cognition
shows that the pre score for regulation had the largest effect (β = -.664), followed
by being in Cohort 2 (β =.292), and Grade level (Grade 5 β = .291 and Grade 4 β
= .220). The inconsistent effect of the pre scores supports the findings from
Schraw and Dennison (1994) who found that the two factors were relatively
correlated yet had unique effect on overall metacognition.
The intervention did have a greater positive impact on the knowledge and
regulation of cognition for first time participants in MCinEDP than those who
participated in the pilot studies. The Cohort 1 mixed results could indicate ceiling
level effects or perhaps a regression to the mean. The Cohort 1 participants did
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not have a very large advantage in the mean of the pre score for knowledge and
were slightly lower for regulation, indicating a possible history effect or potential
limitations of the pilot study interventions. The Cohort 1 results could also
indicate that participating in the intervention a second time did not push the
students to new levels of metacognition. The large standard deviations of the
mean scores support the notion that metacognitive ability varies by individual
(Pressley & Ghatala, 1990).
Additional limitations to the study could have affected the results for all
students including issues with the design of the Jr. MAI, administration of the
instrument, data collected, study design, and intervention issues.
With the instrument, the Jr. MAI had not previously been used to measure
changes in a pre post fashion and may not be sensitive enough to do so. This
factor could be an indicator that the instrument itself is not sensitive enough to
accurately measure levels of metacognition for elementary school students. One
specific potential issue could be that the instrument only has three choices for
students to choose from (Never, Sometimes, or Always). The scale is biased
towards positive answers since two of the three choices are to the affirmative.
Students wrote comments next to the responses indicating the desire to rate
somewhere between the points in the scale or even circled multiple responses.
Another potential issue could be that the wording of the items is too general or
not specific enough to the context, in this case, engineering. Written comments
from the students in this study support these possibilities. Some students wrote
comments next to the questions that indicated that their answers would be
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different if the survey was conducted in other subject areas. Another issue with
the instrument could have been the administration of the post assessment. As
noted by the teacher in the teacher interview, the post administration was hurried
for some classes and not others.
Another issue with the assessment of metacognition is that self-reports do
not necessarily reflect classroom practices of the students (Schoenfeld, 2002).
Also, improving metacognition may lower a student’s evaluation of their own
metacognitive ability. As metacognition improves self-evaluation, and students
become more aware of their previous metacognitive deficiencies, they will adjust
their current ranking to accommodate for the previous overestimation. This is
known as what Thorndike (2005) called consequence of a shift in the point of
reference. This could have been the case with Cohort 1 members who already
had high levels of metacognition prior to this study or even before the pilot
studies.
The study design as a quasi-experimental cohort study and the lack of a true
comparison group could also limit the results. The groups did have differing pre
scores but those were mixed and the ability to consider the Cohort 2 students as
a baseline was limited. Related to the study design, the study location and
student participants could have limited the study results due to the possible fact
that the school features a progressive curriculum that may promote other
activities that affect reflection and metacognition. In addition, attendance
information was not available from the school so there was no way to determine
which students had missed some of the intervention. With regulation of cognition
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being a significant predictor for both change in knowledge and change in
regulation, it could be possible that missing opportunities to practice the
metacognitive reflections were detrimental for some students.
Also, the teacher interview revealed that the implementation of the
intervention differed slightly from that of the design. The explicit instruction and
introduction to metacognition was not completed due to timing issues. The
sequencing of the MCinEDP steps was altered to reduce student resistance or so
that the students would not have to stop and reflect twice before building and
testing their prototypes. The legacy project that was designed for the students to
create a legacy product to share metacognition strategies and importance with
future students was also not completed. The knowledge of cognition scores could
have been affected by the changes in the intervention.
This highlights another concern that evolves from this study: the apparent
need for teachers who value the importance of metacognition and have the ability
to do so as well as the teacher in this study. Our teacher had significant
background knowledge of metacognition, engineering instruction, and learning
theories yet still noted a steep learning curve. Wilson and Bai (2010) and Babich
(2010) cited the need for teachers to develop their own metacognition awareness
and abilities to teach and model that to students through experience. Barak
(2010) indicated that he had difficulties finding secondary school engineering
teachers with sufficient pedagogical knowledge. Pressley (2002) noted many
successes in developing metacognitive skills among young students but noted
that “metacognitively sophisticated” teachers are significantly more successful.
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Duffy et al. (1986) found that teachers in their study did improve significantly
when they realized the importance to be explicit with explanations, as our teacher
learned.

4.7

Conclusion

The inspiration for MCinEDP came from this author’s experiences in the
classroom while training teachers to integrate engineering into their curricula and
when observing students who were learning about engineering. Having used a
rough form of metacognitive prompts with gifted students in web design courses
years before, I had noted that the reflections seemed to help the students with
their designs in terms of planning their designs and evaluating their progress.
When teaching in engineering teacher professional development programs or in
elementary classrooms, many teachers and students appeared to go through the
motions of engineering design by thoughtlessly moving from step-to-step.
Recollections of the metacognition literature that was informally consulted
when making the reflection prompts for the web design courses suddenly gained
relevance when considering ways to direct elementary students from tinkering to
thoughtful design. A rough outline of MCinEDP, unnamed at the time, was
created and extensive amounts of literature on metacognition supported its use
in problem solving and design. As the initial design of MCinEDP evolved, findings
from previous research were applied, such as: a) the social aspects of
metacognition; b) questions of confidence and predictions of success; c) prompts
to reflect on the task, person and strategies; and even d) explicit instruction like
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that was used in the web design classes successfully (even though I had not
read that research at that time).
-------MCinEDP, a model of metacognition, was designed to be used in
engineering classrooms in elementary schools to provide opportunities for those
students to learn about metacognition and to integrate the use of reflective
practices into their design processes when solving engineering problems. This
study outlined the theoretical foundations of the model built on metacognition
literature and metacognition models by Flavell (1976), Brown (1978), and
Schoenfeld (1992) as well as models of expertise that include metacognition by
Ertmer and Newby (1996), and Sternberg (1998). The design of the intervention,
MCinEDP, included two pilot studies as part of the iterative instructional design
process. This report includes information from the pilot studies to illustrate
changes that were made to the intervention and to provide a background of the
previous experiences of the students that made up one of the cohorts.
This evaluation of the implementation of MCinEDP used a quasiexperimental design study using cohorts that were based on whether or not the
students had participated in the pilot studies or not. The Jr. MAI was used as a
pre-post instrument to measure levels of knowledge of cognition and regulation
of cognition, two subcomponents of metacognition. The analysis of the data
showed that the intervention did positively affect the knowledge and regulation of
cognition and supported the first hypothesis. The linear regressions for each of
the dependent variables supported hypotheses that preliminary levels of
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knowledge of cognition and regulation of cognition affected the change in the
scores and that experience and grade level had some effect; grade for both and
experience for regulation of cognition. Reflection on intervention and discussion
strategies provided examples of the intervention helping students improve
teamwork, cooperation, communication, and design with the qualification from
the teacher that MCinEDP prompts need to be followed up with group and class
discussions to be effective. They were not intended to be used independently
and the research findings support that.
Lessons learned from the evaluation and study limitations will help in the
design of future evaluation of MCinEDP. The study design needs to be scaled
down so that more information can be learned about the student experience,
which could potentially contribute to the field of learning theories. Such a study
could use a classroom with no more than twelve students and technologies could
be used to record the designs and conversations that take place in the groups,
while observations could also be completed by researchers located outside of the
classroom. Design journals and written responses to the prompts could also be
collected to provide further details about the student experiences. That research
could potentially inform modifications to the Jr. MAI or the design of a new
instrument. The student work and discussions could be analyzed and an effort
made towards the design of a coding scheme or method of evaluating written
responses. Metacognition performance could also be compared to evaluation of
engineering design ability. Subsequently, the research could be scaled up so that
MCinEDP would be evaluated as a tool that could be used in any school or
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classroom where engineering instruction takes place. Methods of assessing
metacognition from the small-scale study could be used in the larger study if
found reliable and valid.
Concerns about the effectiveness of the assessment are constrained
since the Jr. MAI had not been previously used to measure the change in
knowledge of cognition and regulation of cognition. More so, it underlies the need
for more research and how to efficiently assess metacognition. It is possible that
on-line assessment, or that which is done while the students are involved in the
task, would have been more effective in this study. Self-regulated learning
research has successfully utilized on-line assessment through the use of
technology tools (Azvedo, 2007; Azvedo & Hadwin, 2005). However, using those
methods would detract from the intended benefit of MCinEDP not being resource
intensive.
An issue that had implications for the study and the intervention became
clear as the study progressed. The teacher implementation materials were
inadequate and the preparation of the teacher lacked rigor. While some of this
can be excused by the nature of participatory action research in which
adjustments are made throughout the study, better preparation could have
reduced the need for adjustments. This could have improved both the
implementation and the overall effectiveness of the study.
Specific to the weaknesses of the implementation, the teacher guide will
need to be revised so that teachers will better understand all aspects of the
intervention and its design. Background knowledge on metacognition research
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will be added so that model behind MCinEDP is explained. This should add
purpose to the activities in the research and will reveal the rationale behind the
different parts of the intervention. The teacher needs to understand the purpose
of the activities to convey them to the students.
The teacher guide will also undergo other extensive changes so that the
explanations to the students are clear, concise, and differentiated to meet the
needs of a wide range of learners. Suggestions will be made for teachers to
model metacognition by reflecting aloud and prompts will be provided for
teachers to respond to and then share with the class. A section will be added
about discussion strategies so that the teacher can access a diverse selection of
prompts to use that will also help the teacher to coach the students through
questioning, probing, and provoking. The explicit instruction, introduction to
metacognition, and the legacy product activities will be more formally designed
and adapted to be easier to implement.
A section of scaffolding strategies will also be added to the teacher guide
that will go along with one of the modifications to the intervention. That
modification will be the design of two additional levels of metacognitive prompts
for the teacher to use as students gain experience with MCinEDP. Not only will
this allow for students to be challenged by higher level questions but schools
should be able to use MCinEDP over multiple years with less chance of it
becoming tiresome. Metacognition worksheets will be added that are specific to
particular areas of focus for reflection such as teamwork, modeling, design
evaluation, and strategy selection.
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Other modifications of MCinEDP will include: a) improving the prompts so
they are clearer and easier to answer; b) reducing the number of prompts during
each reflection to reduce the cognitive load and amount of time used; and c)
spreading out the timing of the reflections so that each cycle will include two
monitor reflections that are shorter. Plus, an additional set of prompts will be
added to be used prior to the presentation of the design problem or at other times
during the course when engineering design is not being used. These prompts will
be more general in nature and ask students to reflect on strategies used in other
courses, other experiences using metacognition, or other times where they are
asked to reflect.
MCinEDP does promote engineering habits of mind called for by the NRC
(2009) through supporting engineering design problem solving by providing
opportunities and strategies for reflection. Planned modifications to the
intervention will hopefully make the significance of integrating metacognition into
engineering design instruction more apparent so that it can be demonstrated or
communicated (Jacobs & Paris, 1987). Evidence of the benefits of metacognitive
reflection needs to be explicitly presented for it to be supported and valued at the
administrative level (Lin, 2001; Lin, Schwartz & Holmes, 1999). This will increase
the chance of metacognition being taught in the classroom.
Literature on improving metacognitive skills influenced the design of
MCinEDP through strategies such as explicit instruction, reflection, and active
monitoring (Brown, 1975; Kreutzer, Leonard, & Flavell, 1975; Palincsar & Brown,
1987). Additionally, metacognition and engineering research influenced the
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inclusion of similar strategies (Case, Gunstone & Lewis, 2001; Crismond, Hynes,
& Danahy, 2009). Therefore, the success of this evaluation of MCinEDP
indicates promise for its continued use in elementary school engineering
classrooms. The intervention here used prompting and questioning that
contributed to reflection skills needed in engineering. Evidence provided here
mirrored research connecting these types of activities and metacognition abilities
with creativity and improved design (Hargrove, 2013), which adds to the
implication that further research and improvements for MCinEDP should
continue.
The results of the study inspire continued development of MCinEDP.
MCinEDP appears to have potential to affect pre-college engineering teaching
practices in which explicit and deliberate metacognitive reflection activities are
used to support engineering design, problem solving, and engineering practices
such as teamwork and communication. By nature, engineering is a reflective
practice and helping students move towards reflective design should have a
positive effect on increasing engineering self-efficacy and increasing interest in
engineering at an age where students begin to make life and career choices.
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4.9

Appendix: Metacognition/EDP Teacher Guide

Planning, Monitoring, Evaluating

Steps

Aspects

Plan

Person

Monitor

Task

Evaluate

Strategy

Metacognition (“thinking about thinking”) prompts can help students improve
their ability to plan, monitor and evaluate their cognitive skills and problem
solving processes as evidenced by increased cognitive efficiency and
effectiveness. Recognized models of metacognition state that metacognitive
aware learners are more likely to be aware of their cognitive abilities (thinking
and learning strategies) and to regulate their cognitive abilities (apply appropriate
strategies).
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The metacognition process is fluid, much like the design process, and students
can become adept at applying steps out of sequence as they gain experience.
This three step metacognition process follows the most basic of design
processes so that students can make connections between the two.

Steps of the metacognition process
Plan: Plan strategies, predict success, and refer to prior knowledge/strategies.
Monitor: Monitor success of strategies and understanding and revise strategies.
Evaluate: Evaluate strategies for efficiency and effectiveness; reflect on success
or needs.
All three steps (Plan, Monitor, and Evaluate) apply to all three of the aspects of
the cognitive activity (Person, Task, and Strategy), in this case the design
process.
Aspects of the activity to monitor and understand
Person: Includes prior knowledge, strategies, efficacy, confidence and
motivation.
Task: Includes understanding of the task or goal, relevant knowledge, and steps
to reach the goal.
Strategy: Includes knowledge and regulation of cognitive strategies.
Thinking Questions: Plan
Add to the ASK stage of the Engineer Design Process, after students discuss
task-related questions:
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{Verbal prompt} Now, we want to ask ourselves some questions about our
thinking called our ‘Thinking Questions’.
(Have questions on cut out sheet that students can tape in the journal (or prompt
them to leave space so it can be taped in later) and talk them through them until
they understand them without your assistance.)
1. What I already know that will help me do this task:
{Verbal prompt:
This can be what you already know about (topic of design challenge, e.g.
windmills);
What you already know about (related content area, e.g. force);
What you already know about engineering design; or
What you learned the last time you designed something. If you think of more than
one thing for any of these things, you can make a short list that will helpful for
you to remember later on.}
[This could prompt knowledge of any of the four areas being monitored]

2. I understand the problem (Circle YES or NO and complete the sentence in that
box)
YES

NO

Yes, I understand the problem. So, now I

I do not understand the problem. So, now I

will:

will:
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{Verbal prompt: In question number two, you are only going to respond in one
box. So, if you don’t understand the problem, you will circle NO (Point to the box)
and then you will look only at that one prompt, where it says, “I do not understand
the problem. So, now I will:” and you can now write what you think in that box.
(PAUSE) OK, if you do understand the problem, you will circle YES (Point to the
box), read what is below it, “Yes, I understand the problem. So, now I will:” and
you can now write what you think in that box. }
[This can check for understanding of the problem or goal and can prompt
students to create and adjust strategies.]
3. I am confident I will be successful in solving this problem. {{How I think I will
do? Because ?}}
(Circle the face below that shows how confident you are.)

{Verbal prompt: Circle the Big Smile if you KNOW you can do it, the So-So Face
if you are not sure if you can do it, or the Big Frown if you don’t think you can do
it}
[This is a simple way to monitor confidence, assess strategy changes and can
serve as a visual prompt signaling a need to evaluate and modify strategies.]
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CHAPTER 5. CONCLUSION

5.1

Reflection

This collection of research was presented to provide evidence of
competencies learned and practiced throughout graduate studies in education.
The idea of a situated educational researcher was proposed as a unifying factor
that ties these three studies together. Situated educational research was
intended to describe a theoretical space found at the intersection of design
research, action research (research into practice), and systems theory
(instructional system design). However it also describes a pragmatic space
wherein the author finds harmony between research, practice, and community.
After concluding the studies, it seems that the concept of the situated
educational researcher could be used to represent the meeting point of the
author’s studies in pre-college education, gifted education, educational studies,
engineering education, STEM education, curriculum and instruction, and learning
design and technology. While some may argue that these areas represent a wide
range of interests, they can be factored into the categories of design, research,
theories, and contexts. These categories reflect the multifaceted competencies of
the Learning Design and Technology graduate program presented in Chapter
One.
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The studies were presented in a specific order to reflect how they move
from a wide policy-level scope (standards research) to a mid-level focus on
instructional design and teacher preparation (design study), and finally to the
specific examination of teacher practice and student learning of metacognition.
This structure also represents the cyclical nature of research presented in
Chapter One where theory informs policy, which informs practice, which informs
learning.
In the standards study, disagreement on the need for a unified approach
to standards design by the engineering education community created a need for
the evaluation of existing educational standards. An argument for a single set of
standards in pre-college engineering was supported by literature that outlined the
role of standards. The importance of standards in the current educational climate
was of importance because teachers are overburdened with the demands of
preparing students for standardized tests, thereby limiting their curriculum to the
standards. So, teaching practices that were dictated by policies, in turn, influence
other policies. In a similar fashion, the standards study set out to disprove a
statement that no engineering education standards exist by analyzing the
engineering already present in state standards. The results of that search and
analysis then provided an overview of what should be included in a pre-college
engineering curriculum based on what was already found in existing standards.
The fact that the standards were found in 41 of the states but with little to no
continuity further supported the argument for a unified set of standards.
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Nonetheless, as a research outcome that argument was secondary to the
“Big Ideas” of engineering derived from the standards analysis. These nineteen
Big Ideas help define what it means to be “doing” engineering, a significant
benefit to those, such as the author, who are trying to design curriculum for precollege engineering. It is a good list to have on hand when brainstorming ideas
for educational activities, and it has been shared with several others who also
found it useful. In fact, it was provided to students in the course that is the subject
of the design case.
The design case was written for submission to a publication that features
cases of instructional design experiences. This case is of interest to instructional
designers because it utilized a blended learning environment that combined
online learning and face-to-face learning. The context of the course, engineering
and STEM education, is also of high interest to instructional designers as well as
people from other fields of education because it is a growing movement and
there are not many courses or teacher preparation programs that have dealt with
the engineering part of STEM. Also, the fact that the participants were
transitioning to new careers meant that their learning needs would have to be
considered during the design. The design case outlines many decisions that
needed to be made during the design process as well as changes that needed to
be made based on things that did not work as expected. A major irony of the
process is that the designer/author did not anticipate that the students would
need instruction on instructional design in complete their assignments. Another
problem in the design was that many of the students had no idea what went on in
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a classroom from the teacher side and had no pedagogical background to build
on. Many changes needed to be made during the implementation and between
iterations.
The metacognition design and implementation process also underwent
many changes while pilot studies were going on and between iterations. The
project originally was meant to focus on student learning and designing an
intervention for elementary school students. However, the final report grew into a
combination of a design case and an evaluation of an intervention. The fact that
the intervention, Metacognition in the Engineering Design Process (MCinEDP),
did influence student levels of metacognition is important, but just as important
are all of the lessons that were learned based on the limitations of the design and
the intervention. Evidence of a successful intervention was not as important for
this study as the design implications and teaching implications that came out of
the research. Also, metacognition research served as the basis of the
intervention design, in combination with instructional design theories from
constructivism and an instructional design model. The evaluation revealed a
large need for improvement in teacher preparation and guidance for the
intervention to be successful. Future research could potentially contribute more
to learning theories.
As mentioned, the metacognition study had some exciting implications for
research and practice. Major revisions to the intervention and the implementation
guide for the teacher were outlined in the study. The revisions to the intervention
should necessitate further evaluation, both in a smaller, controlled setting and in
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a scaled-up study. Both studies will require the ability to utilize mixed methods so
that results of more focused study will provide a qualitative foundation for the
design of measures that could combine either type of data and will require both
types of analysis. The implications for practice could be that MCinEDP does
become more effective and easier to use, which would add to its appeal and
potentially lead to its incorporation into many schools or classrooms.
The design case has built-in implications for practice in that design cases
are intended to inform other instructional designers how design problems were
solved or to shed light on potential consequences of design decisions. The
specific design, a course for teachers preparing them to integrate engineering
into pre-college classrooms, has already been used by others and the results of
the study will be used by the researcher to improve his own course and hopefully
instructional design ability. One major lesson that became apparent early on in
the work on the design case was the need to do a better job of documenting the
design process and design decisions. Whether or not they are ever used to write
future design cases is not as important as the benefit of having detailed design
notes to be able to reflect on.
An implication for practice stemming from the standards research has
already been mentioned, namely that the “Big Ideas” of engineering are a good
tool to use when designing activities for pre-college engineering. For the
researcher in particular, this helped to build analytic and design competency. The
experience of reading hundreds of educational standards documents contributed
to a high level of understanding of documents that are often confusing and poorly
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organized. This has been and will be useful in other projects that require
evaluating other people’s use of standards in the curriculum that they design. It is
now very easy for the researcher to determine if new designs are actually
meeting the standards, and more importantly to be able to suggest modifications.
And, while the research implications do not apply specifically to analyzing tens of
thousands of educational standards, the methods used in that research are now
being applied to another study with a large set of data that is spread out over
hundreds of documents. While some slight adjustments needed to be made for
the new study, the successes and failures experienced in the year and a half of
analyzing that data should make this experience much smoother and far less
time consuming. A possible avenue for my future research might be building on
this experience: Design and evaluation of instruction on how to perform content
analysis on large datasets.

5.2

Conclusion

While finding a place in the field of educational research, it is important to
stay informed not only by keeping current on new findings in learning theories but
also by taking a look at the movements in the field. The first place that I looked
was to the words of two highly noted scholars who have also walked the line
between theory and practice: Joseph Renzulli and David Jonassen. While their
prominent status in their respective fields, gifted and talented education and
educational technology, is notable, I absorbed their words primarily because of
my long-standing appreciation for the substance of their work.
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Renzulli (2006) offers suggestions to current researchers who are
interested in putting research into practice, based on his many years of
experience with taking gifted and talented research from the lab to schools
across the nation by designing practical tools for use in the classroom. He noted
that it is important to look at both top-down and bottom-up integration strategies.
A top-down focus is important for assessing the needs of administrators and
policy makers, who often control the access to large numbers of research
participants and the ability to effect wide scale dissemination. However, the
bottom-up approach takes precedence in Renzulli's eyes because it is more
important to win “the hearts and minds of practitioners,” who can provide
practice-focused researchers with an understanding of “real-world conditions
such as how schools work, teachers’ ways of knowing, the politics of innovation,
and the practices that can reasonably be expected to endure beyond the support
usually accorded to pilot or experimental studies” (p. 249). Such questions, while
crucial for successful implementations, are not usually important to theorists.
Renzulli (2006), too, finds himself somewhere between research and
practice. In a pragmatic sense, he wrote that "all theorists are promoters, but
most theorists leave practical applications to others,” yet added that “an eye
toward implementation enables theory testing in practical settings” (p. 225).
In a report for the National Research Center on Gifted and Talented
(NRC/GT), of which Renzulli has been director for most of its twenty-plus year
history, Renzulli, Reid, and Gubbins (1992) outlined future research needs for
gifted and talented education that can also apply to all fields of education. They
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argued that the theory-into-practice gap can be as much as twenty years and
described the six problem areas that hinder program development and
dispersion, including: inadequate analysis of the interaction between research
studies and public policies; mismatch of student needs and curriculum
development and research; lack of diversity in educational research participants
whether in terms of socio-economic status, English proficiency, levels of
achievement, etc.; and overdependence on using test scores to evaluate
interventions. All of these problems are of importance to this researcher, and the
first two problems relate directly to the present studies. The first problem is that
there is not as much research on intervention studies as there is on student
characteristics. The other is that research findings often do not affect classroom
practice because teachers are ultimately the ones who decide what is taught in
the classroom and that is often not based on empirical evidence.
Teachers want practical solutions to their problems, while “researchers
often concentrate on building theories and developing elegant research designs
that will impress other researchers” (Renzulli et al., 1992, p. 13). Teachers find
educational research writing to be too technical and theorists “often find
classrooms to be too cluttered with contaminating variables” (p. 13).
That report also included a needs assessment survey of all levels of
stakeholders in the field of gifted education. The report proposes four
inspirational assumptions (Renzulli et al., 1992):
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1. Teachers and other educational practitioners possess important
knowledge about students’ needs, instructional needs, and the classroom
milieu that researchers often do not understand.
2. Researchers are better able to provide systematic approaches to
examining educational problems and analyzing and interpreting data than
can ordinarily be carried out by educational practitioners.
3. The best type of research so far as educational improvement is
concerned will result from collaborative efforts between researchers and
practitioners at all stages of the research, implementation, and evaluation
processes.
4. Research that results from such collaborative efforts is more likely to be
adopted and to have an impact on the change process.
Much of Jonassen's writing deals with the application of theories to
instructional design frameworks that focus on specific aspects of learning such
as problem solving, computer simulations, and conceptual modeling. The
practical application of these frameworks is most often left implicit in Jonassen’s
work, which focuses on the needs of the instructors and the students and
considers the influence of learning environments, both physical classrooms and
computer-mediated spaces. Applying the label of "learning scientists," Jonassen,
Cernusca, and Ionas (2007) wrote that “rather than applying theories (most of
which are inadequately established by empirical research), design researchers
integrate theories and design activities in an iterative process” (p. 52).
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A 2001 special issue of the Journal of the Learning Sciences featured
articles about design research that were written by researchers who also
consider themselves teachers and reflects the space that is referred to here as
situated educational research. “The goal of these researchers, educators, and
designers moves beyond offering explanations of, and onto designing
interventions for,” wrote the guest editors, Barab and Kirshner (2001, p. 5). “The
research methods described here tend to place the researcher as an integral
participant in the learning culture, helping to intentionally shape the learning
environment through their participation” (p. 5).
The articles also tended to represent the notion of practicing both topdown and bottom-up focus that Renzulli wrote about.
[Our approach] involves an alternative view of the relation between
theory and instructional practice in which neither is taken as primary.
Instead, the basic relation is one of reflexivity in which the development of
theoretical ideas is driven by and remains rooted in instructional practice
that is itself guided by current theoretical ideas. (Cobb et al., 2001, p.118
as quoted in Kirshner, 2001, p. 6)
“As a teacher–researcher, I am afforded the unique opportunity of
being on the ‘inside,’ working with students as they build their scientific
explanations and I construct interpretations of what is salient (figure) to
them (these are different rather than privileged interpretations).” (Roth,
2001, p. 34 as quoted in Kirshner, 2001, p. 6)
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Another highly regarded scholar, from the field of mathematics education,
Alan Schoenfeld (2006), also wrote of the gap between research and practice.
“For the most part, researchers write for other researchers rather than for
practitioners; and when they do write with practice in mind, it is rare that what is
written can support robust practical implementation” (p. 19). He analogized that
“curricular engineering” needs an established way for “educational research and
development” to transfer educational materials from lab experiments into regular
teaching practice. Support structures, he argues are of primary importance to
providing educational engineers with the means to simulate the appropriate
conditions. There is also an urgent need for widely accepted means of evaluation
so that educational research can be replicated and refined, because “so many
studies use ‘home grown’ measures that it is often difficult to compare and
contrast different studies” (p. 23).
This mechanism for moving research into accepted practice fits what
McIntosh, Martinez, Ty, and McClain (2013) refer to as “Implementation Science,
the study of how interventions are adopted, implemented, sustained, and brought
to scale” (p. 300). In their study, Implementation Science was the second most
important research idea from the fields of psychology and education of the past
25 years, according to their respondents, the 54 most prominent figures in
educational psychology. Number one? Data-informed practices including
classroom interventions, response-to-intervention, and affective interventions.
When data-informed practices and interventions were condensed into a single
category, the respondents ranked it as most important for current and future
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research needs. Some of the specific concepts mentioned in that category are:
“improving implementation fidelity, addressing the research-to-practice-gap, and
understanding how evidence-based interventions and evidence-based practices
are used in the field” (p. 315).
Whether it is called design research, instructional design, learning
science, design science of education, curricular engineering, research-intopractice, data-informed practices, action research, instructional system design, or
situated educational research, to me, this research is an avenue to make
children’s learning endeavors better, easier, relevant, and life-long pursuits. This
is what I try to explain to friends and family members who ask me what it is that I
do. I study research on learning theories; I look at classroom practices; I find out
what learners need; I try to design something that will fill the gaps; and then I try
to figure out if it helped and how I can improve it or demonstrate it to others.

236
5.3

References

Barab, S.A., & Kirshner, D., "Guest editors' introduction: Rethinking methodology
in the learning sciences." The Journal of the Learning Sciences, 10 (1-2),
(2001): 5-15.
Cobb, P., Stephen, M., McClain, K., & Gravemeijer, K. (2001). Participating in
classroom mathematical practices. The Journal of the Learning Sciences,
10 (1-2), 113–163.
Jonassen, D.H., Cernusca, D., Ionas, I.G. (2006). Constructivism and
instructional design: The emergence of the learning sciences and design
research. In R. Reiser & J. Dempsey (Eds.), Trends and issues in
instructional design and technology. Columbus, OH: Merrill/Prentice-Hall.
McIntosh, K., Martinez, R. S., Ty, S. V., & McClain, M. B. (2013). Scientific
research in school psychology: Leading researchers weigh in on its past,
present, and future. Journal of School Psychology, 51(3), 267–318.
Renzulli, J. S. (2006). Swimming Upstream in a Small River: Changing
Conceptions and Practices About the Development of Giftedness. In M. A.
Constas & R. J. Sternberg (Eds.), Translating Theory and Research into
Educational Practice (pp. 223–253). Mahwah, NJ: Lawrence Erlbaum
Associates.
Renzulli, J. S., Reid, B. D., & Gubbins, E. J. (1992). Setting an agenda: Research
priorities for the gifted and talented through the year 2000. Storrs, CT.
Roth, W.M. (2001). Situating cognition. The Journal of the Learning Sciences, 10
(1-2), 27–61.
Schoenfeld, A. H. (2006). Notes on the Educational Steeplechase: Hurdles and
Jumps in the Development of Research-Based Mathematics Instruction. In
M. A. Costas & R. J. Sternberg (Eds.), Translating Theory and Research
into Educational Practice (pp. 9–30). Mahwah, NJ: Lawrence Erlbaum
Associates.

VITA

237

VITA

Ronald L. Carr
http://www.linkedin.com/pub/ronald-l-carr/b/380/344/
ronlcarr@yahoo.com
Education
Purdue University, College of Education
Ph.D. in Learning Design and Technology
December 2013
Dissertation title: Educational Standards, Teacher Preparation, and
Metacognition Instruction for Elementary Students: Studies in Pre-College
Engineering Education
Adviser: Johannes Strobel, Ph.D.
Compilation of three studies addressing educational policy, teacher
preparation, instructional design and student metacognition in pre-college
engineering.
M.S. in Educational Studies/Gifted Education
2011
Adviser: Rebecca L. Mann, Ph.D.
Comprehensive studies and work related to high ability learners;
Instructional design and learning management systems.
B.A. in Elementary Education
2008
K-6 Teacher licensure program with all-grade reading and gifted
endorsements.

238
Research Interests and Additional Research Experience
Interested in empirically-supported instructional advancements through
integrated instruction of all content areas including design research and teacher
implementation.
Institute for P-12 Engineering Research and Learning (INSPIRE)
2009-present
Purdue University, West Lafayette, IN
P-12 Engineering Education Research Fellow
Project lead for numerous research projects: designing studies, using
mixed methodologies, designing assessment instruments, collecting data,
analyzing data, and writing reports for NSF DRK-12 funded program;
mentoring of undergraduate research assistants (12) and graduate
students (5).
Instructional Design and Curriculum
Design and evaluation of instructional activities: Model Eliciting Activity
writing team trainer and co-lead; ETA Hand-to-Mind STEM unit
designer/consultant; Graduate level course design; Online professional
development course design/consultant.
Teacher Professional Development
Implementation and evaluation of face-to-face teacher academies and
online professional development.
Gifted Education Resource Institute (GERI)
2010
Purdue University, West Lafayette, IN
Research Assistant
Instructional Designer
Design, implementation and evaluation of online teacher professional
development course: Developing Student Strengths and Talents; various
duties for the Total School Cluster Grouping project and manager of
learning management system.

239
Grants Worked On
NSF DRK-12: R&D: Quality Cyber-Enabled, Engineering Education
2008-2013
Professional Development to Support Teacher Change and
Student Achievement (E2PD)
DRL-0822261, $2,999,450,
PI: H. Diefes-Dux; Co-PIs: S. Brophy, M. Cardella, and J. Strobel.
Florida Department of Education – Race to the Top: CPALMS.
2012-2014
Teacher Standards Instructional Tool.– Project 2061;
Sciberus Software Development; WestEd. $11M
PI: R. Razzouk (Florida State University); Purdue lead: J. Strobel.
Office of Naval Research – Pacific: Technology Enhanced
2011-2013
Sustainable Aina Project (TESAP), $499,067
PI: Kawaguchi, K.; Purdue lead: J. Strobel.

Institute for Education Sciences - Developing Talents and Improving
2009-2014
Student Achievement Among Traditionally Underrepresented
Populations: An Experimental Investigation Scaling-up the Total School
Cluster Grouping Model. $2,243,965
PI: M. Gentry
Publications
Journal Publications
Carr, R.L., Bennett IV, L.D., Strobel, J. (2012). Engineering in the K-12 STEM
Standards of the 50 U.S. States: An Analysis of Presence and Extent. Journal of
Engineering Education, 101(3), 539-564.
Liu, W., Carr, R.L., & Strobel, J. (2009). Extending teacher professional
development through an online learning community: A case study. Journal of
Educational Technology Development and Exchange , 2 (1), 99-112.
White Papers
Carr, R.L. & Strobel, J. (2011). Integrating Engineering Design Challenges into
Secondary STEM Education. White paper for the National Center for Engineering
and Technology Education, Logan, Utah. (Solicited)

240
Conference Proceedings
Carr, R.L., & Strobel, J. (2012). Development of a Metacognition Scaffold in
STEM / P-6 Engineering Context: MCinEDP (Work in Progress). Proceedings
from 2012 Frontiers in Education, held at Seattle, Washington, October, 2012.
Carr, R.L., Diefes-Dux, H., Horstman, B. (2012). Analysis in Engineering
Construct Knolwedge (Work in Progress). Proceedings from 2012 Frontiers in
Education, held at Seattle, Washington, October, 2012.
Carr, R.L., Diefes-Dux, H., Horstman, B. (2012). Change in Elementary Student
Conceptions of Engineering Following an Intervention as Seen from the Draw-anEngineer Test. Proceedings from 2012 Conference of the American Society of
Engineering Education (ASEE). San Antonio, Texas.
Carr, R.L. & Strobel, J. (2011). Integrating Engineering into Secondary Math and
Science Curriculum: A Course for Preparing Teachers. Proceedings from 1st
Integrated STEM Education Conference (IEEE-ISEC), held at Ewing, New
Jersey, 2 April, 2011. (Solicited)
Strobel, J., Carr, R.L., Martinez-Lopez, N.E., & Bravo, J.D. (2011). National
Survey of States’ P-12 Engineering Standards. Proceedings from The American
Society of Engineering Education (ASEE), held at Vancouver, British Columbia,
26-29 June, 2011.
Carr, R.L. & Strobel, J. (2011). Preparing Teachers to Integrate Engineering into
Secondary Math and Science Curriculum. Proceedings from Science and
Mathematics Teacher Imperative (SMTI) 2011 National Conference, Association
of Public and Land-Grant Universities, Portland, Oregon.
Liu, W., Carr, R., Dyehouse, M., & Strobel, J. (2011, November). Assessing the
impact of teacher attributes and collaboration on student outcomes. Won Best
Paper Award, presented at 2011 Association for Educational Communications
and Technology International Convention (AECT), Jacksonville, FL.
Book Chapters
Liu, W., Carr, R.L., & Strobel, J. (2012). Needs Assessment: Developing an
Effective Online P-6 Engineering Professional Development Program. Book
chapter in Moller, L., Harvey, D., Huett, J. (Eds.). Evolution of Distance
Education; A Blueprint for the Third Generation: Distributed Learning. New York:
Springer Publishing.

241
Carr, R.L., Tafur, M. & Strobel, J. (Accepted). Conceptualizations of P-12
Engineering: Early Engineering, Pre-Engineering, Engineering of Education, P-12
Engineering. Book chapter in Strobel, J., Purzer, S., Cardella, M. (Eds.).
Engineering in Pre-College Settings: Research into Practice. Boston: Sense
Publishers.
Professional Presentations
National/International
Carr, R.L. (2013). Metacognition for Talented Learners in STEM/P-6 Engineering
Context. Session at the annual conference of the National Association for Gifted
Children (NAGC). Indianapolis, IN.
Carr, R.L., Duncan-Wiles, D., (2012). Designing an Airplane: Engineering for
Elementary Students. Session presented at the annual conference of the
National Association for Gifted Children (NAGC). Denver, Colorado.
Duncan-Wiles, D., Carr, R.L., (2012). Developing Talent in the STEM Fields in
the Era of Common Core State Standards (K-5) – Engineering. Roundtable
session presented at the annual conference of the National Association for Gifted
Children (NAGC). Denver, Colorado.
Duncan-Wiles, D., Chamberlin, S.A., Carr, R.L., (2012). Mathematical Modeling
for Elementary and Middle School Students. Session presented at the annual
conference of the National Association for Gifted Children (NAGC). Denver,
Colorado.
Boots, N., Tafur, M., Carr, R.L., Strobel, J., et al. (2012). Design Fixation and
Cooperative Learning Strategies in Elementary Engineering Education. Paper
presented in Paper Session: Exploring Processes, Philosophies, Impediments
and Connections in Design and Technology at 2012 Annual Meeting of the
American Educational Research Association (AERA). Vancouver.
Carr, R.L., Strobel, J., Bennett IV, L.D. (2012). Integrated Engineering in High
School Math and Science: Teacher Preparation. Paper presented at 2nd P-12
Engineering and Design Research Summit. Washington, D.C..

242
Dyehouse, M., Strobel, J., Weber, N., Carr, R.L. & Gajdzik, E. (2011, April).
Helping STEM Researchers Strengthen Their Proposals by Integrating K-12
STEM Education Component. Professional Development and Training Course for
2011 Annual Meeting of the American Educational Research Association
(AERA). New Orleans, Louisiana.
Purzer, S., Strobel, J. & Carr, R.L. (2011, April). Engineering in the National and
State Standards. Paper presented at 2011 National Association for Research in
Science Teaching (NARST). Orlando, Florida.
Carr, R.L., Duncan, D., Mann, E., & Mann, R. (2010, November). Engineering
Design Challenges in the Elementary Classroom. Session presented at the
annual conference of the National Association for Gifted Children (NAGC).
Atlanta, Georgia
Liu, W., Carr, R.L., & Strobel, J. (2010, July). Needs Assessment: Identifying
Teachers’ Expectations and Perceptions of an Online P-6 Engineering
Professional Development Program. Session presented at the Summer
Research Symposium for the Association for Educational Communications and
Technology (AECT). Bloomington, Indiana.
Carr, R.L., Duncan, D., Mann, E. L. & Kharchenko, O. (2010, June). Model
Eliciting Activities: Thinking Outside the Mathematics Textbook. Workshop
presented at the annual conference for the American Society for Engineering
Education (ASEE) Workshop for K-12 Engineering Education. Louisville,
Kentucky.
Local/Regional
Horstman, B., Carr, R.L. & Strobel, J. (2012). Model Eliciting Activities: A
Teaching Tool to Promote Engineering Thought-Processes. Poster presented at
2012 Purdue University Undergraduate Research and Poster Symposium, West
Lafayette, Indiana. Winner of Best Research in Engineering, Math and
Computational Sciences.
Carr, R.L., Strobel, J., Martinez-Lopez, N.E., Bravo, J.D. & Karamyar, S. (2011,
March). National and State Efforts for K-12 Standards in Engineering. Poster
presented at the Purdue University P-12 Engagement Symposium. West
Lafayette, Indiana. Also presented at the Purdue University 5th Annual Graduate
Student Educational Research Symposium, West Lafayette, Indiana.
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Carr, R.L., Karamyar, S., Gajdzik, E., Strobel, J., Dyehouse, M. & Weber, N.
(2011, March). Let K-12 Engineering Education Strengthen Your National
Science Foundation Proposal: Workshop Series for Engineering Faculty &
Postdocs. Poster presented at the Purdue University P-12 Engagement
Symposium. West Lafayette, Indiana.
In Preparation
Carr, R.L., Tafur, M. & Strobel, J. Fixation for Elementary Students during
Engineering Design.
Evans, M., Carr, R.L. & Strobel, J. Elementary Student Interest in Engineering:
Model and Qualitative Analysis.
Carr, R.L., Horstman, B. & Diefes-Dux, H. Draw an Engineer Test as a
Classroom Assessment: Comparison of Teacher and Researcher Coding.
Carr, R.L., Horstman, B. & Diefes-Dux, H. Draw an Engineer Test: Analysis of
Engineering Instruction; 4 Years and Longitudinal Comparison.
Carr, R.L., McCrum, P. & Diefes-Dux, H. Elementary Student Conceptions of
Technology in an Engineering Design Instruction Context.

Teaching Experience
College Level
Lesley University, Cambridge, MA
Co-designer and Co-instructor; CNSCI 5200: Engineering STEM Solutions
2013
Purdue University, West Lafayette, IN
Co-designer and Co-instructor, EDCI 591: Integrating Engineering into
Secondary Math and Science Curricula
2010-2011
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Facilitator, PBS Teacherline graduate level teacher professional development
course STEM 420: Inspire Students with Engineering
2011
Instructor, INSPIRE Teacher Professional Development Academies
2009-present Lab Instructor/Teaching Assistant for BIOL 205: Biology for
Elementary Teachers
2005-2006
Teaching Assistant, Purdue Educational Technology, January 2006 to May 2006,
EDCI 270 Education Technology for Elementary Teachers.
K-12 Level
Sunnyside Middle School/Lafayette School Corporation, Lafayette, IN
Student Teacher, Sixth grade language arts
2008
Gifted Education Resource Institute, West Lafayette, IN
Instructor, Elementary gifted enrichment
2005-2008
Eureka Enrichment Center, San Juan, PR
Teacher, Robotics ESL enrichment program
2008

Awards and Honors

Purdue University Focus Award 2012; Campus-wide award for commitment to
disability accessibility and disability diversity initiatives.
Best Research Award 2012; Purdue University Undergraduate Research and
Poster Symposium: Engineering, Math and Computational Sciences for
Horstman, B., Carr, R.L. & Strobel, J. (2012). “Model Eliciting Activities: A
Teaching Tool to Promote Engineering Thought-Processes.”
Purdue College of Education Graduate Student Travel Award (2012)
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Purdue COE Curriculum and Instruction Department Graduate Student Travel
Award (2012)
Best Paper Award 2011; Association for Educational Communications and
Technology International Convention (AECT); for Liu, W., Carr, R.L., Dyehouse,
M. & Strobel, J. “Assessing the Impact of Teacher Attributes and Collaboration
on Student Outcomes.”
Best Research Award 2011; Purdue Graduate Student Educational Research
Symposium; for Carr, R.L., Strobel, J., Martinez-Lopez, N.E., Bravo, J.D. &
Karamyar, S. “National and State Efforts for K-12 Standards in Engineering.”
Licensure, Certification, Registration

Indiana Teaching License Grades K-6, Reading Endorsement K-6, High Ability
Endorsement All Grades
Prior Work and Management Experience
From 1989 to 2006, I was the owner of two businesses and in retail management
for companies such as CVS Pharmacy and Yankee Candle Company.
Computer Tools and Skills

Nvivo Qualitative Software, Statistica, STATA, SPSS, QDA Data Miner, Microsoft
Office Package tools including Front Page for web development, HTML
programming, Macromedia Dreamweaver, Blackboard and Moodle course
design, etc...
PBS TeacherLine: Online Facilitator Training I: Mastering the Skills of Online
Teaching, Spring 2011 (A).
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Student and Professional Organizations

Purdue Association of Educational Technology, President, July 2012 to June
2013.
Boilers with ADD/DHD, Founder and President, June 2011 to August 2013;
Treasurer, August 2013 to Present.
Tippecanoe County Children and Adults with Attention Deficit Hyperactivity
Disorder, Founder and Coordinator, March 2012 to Present.
Indiana State Teachers Association, member from December 2008.
National Association of Gifted Children, member from August 2010.
Children and Adults with Attention Deficit Disorder, member from December
2010.
American Society of Engineering Education, member from March 2011.
American Educational Research Association, member from December 2012.
Other Professional Activities

Purdue College of Education Study Abroad: Russia 2006, Emergent Literacy and
Elementary Social Studies
Purdue College of Education Study Abroad: Russia and Finland 2008,
Comparative Education and Secondary Social Studies.

